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INVESTIGATIONS ON THE BENT GRASS NEMATODE, ANGUINA AGROSTIS 
(STEINBUCH 1799) FILIPJEV 1936 








Wilbur D. Courtney! and H. B. Howell? 
INTRODUCTION 


During recent years the bent grass nematode, Anguina agrostis, has become a serious 
pest of bent grass in certain sections of the Pacific Northwest. It is probably not indigenous 
to this area but was perhaps introduced in poorly cleaned and graded grass seed shipments. 
This hypothesis is supported by the observations of pioneer producers of bent grass seed. Ac- 
cording to them, nematode infection of bent grass was first found on a single isolated field, 
which many years previously had been plowed and planted to a mixture of imported grass seed. 
The grasses in this mixture were thought to be superior to Astoria colonial bent for pasture, 
but within a three-year period they were entirely killed and replaced by the volunteer bent 
grass. It was many yeras after this incident that bent grass was first harvested for its seed. 
At that time nematode galls, then thought to be ergot, were found only in seed grown on this 
field. From this original source, the infection gradually spread to adjacent fields and other 
areas where harvesting equipment was used in common, 

In 1799 Steinbuch (5) published his description of the nematode now known as Anguina agros- 
tis and its effect on bent grass, Agrostis capillaris L. Little was done on this problem for 
more than 100 years, when Bessey (1), Leukel (3), and Marcinowski (4) tried unsuccessfully 
to infect various grasses with the wheat nematode, Anguina tritici (Steinbuch 1799), and wheat 
with the bent grass nematode, A. agrostis. Some years later Goodey (2) described the adult 
forms of the bent grass nematode and validated the species. 

Goodey also gave considerable attention to the pathological effects of Anguina agrostis on 
the inflorescence of the bent grass Agrostis stolonifera L. He states that this pest remains in 
a larval stage within the sheaths adjacent to the growing tips of the bent grass during most of 
the year. In late spring when the grass develops its inflorescence the nematodes enter the 
embryonic flowers, rapidly mature and, as adult females, deposit large numbers of eggs, which 
quickly hatch into larvae. This activity changes the developing seed into an elongated, dark 
colored gall instead of the normal grass seed (Fig.1). This is accomplished by the abortion or 
complete suppression of the flower parts. The elongated, purplish galls (Fig. 2), enclosed by 
their malformed glumes and palea present a "spiked" appearance to the panicle (Fig. 3). When 
the galls fall to the soil the contained nematodes are later released to re-infect any bent grass 
growing in their vicinity. 

The damage is largely confined to a reduction of seed yield rather than plant injury. Nema- 
tode infection in closely trimmed bent grass turf scarcely interferes with plant growth and dis- 
appears if the lawn is not permitted to produce inflorescence, but where bent grass is grown for 
seed production, damage ranges from a trace to a complete crop failure and, on many bent grass 
fields harvested for seed year after year, the infection tends to increase in severity instead of 
remaining static. 




















OBSERVATIONS ON THE LIFE HISTORY OF NEMATODE 


A. Life Cycle and Number of Generations per Year 





Several thousand bent grass plants were examined at monthly intervals over a three-year 
period to determine the development of the nematode and its location at various times. In ad- 
dition, nematode-free bent grass sod arranged in five randomized blocks was inoculated at 
monthly intervals with infested soil and infected roots, rhizomes, stems, and galls of bent 
grass. These tests showed that the bent grass nematode remained in the second larval stage 
from time of liberation from the gall to the development of inflorescence the following year. 

It was also shown that this nematode remained adjacent to the growing point (rhizomes or en- 
closed in foliar sheath) during most of this period. Only during liberation and midwinter were 
the nematodes found in the soil adjacent to the bent grass roots. 

These investigations also showed that only one generation of nematodes (Anguina agrostis) 
was produced each year. They remained as second-stage larvae within the sheaths surround- 
ing the growing points until the bent grass developed embryonic inflorescence, when they entered 
Associate Nematologist, Division of Nematology, Bureau of Plant Industry, Soils and Agricultural 
Engineering, U.S. Department of Agriculture, Western Washington Experiment Station, Puyallup 
2Superintendent, John Jacob Astor Branch Experiment Station, Astoria, Oregon 














Vol. 36, No, 3--PLANT DISEASE REPORTER--Mar. 15, 1952 


FIGURE 2. Nema- 
tode galls from bent grass 
inflorescence with the 
glumes and palea remov- 
ed (approximately 3 3/4 x). 











* FIGURE 3. Inflores- 
FIGURE 1. A portion of bent cence on head of bent grass 
grass head showing comparative size showing nematode galls and 
of three nematode galls and normal normal florets. 








florets (approximately 3 3/4 x). 


Table 1, Stages of inflorescence in relation to stages of nematode development in bent grass. 











Stages of inflorescence * : Nematode development 

: Eggs de- Larvae Quies - 

Date Emerging Open In bloom : Stage posited * hatched * cence * 
June 10 9 0 0 : Second 0 0 0 
June 16 15 0 0 Third 0 0 0 
June 23 50 0 0 Adults 0 0 0 
June 26 75 0 0 Adults 0 0 0 
June 30 100 10 0 Adults 5 0 0 
July 1 100 25 0 Adults 10 0 0 
July 3 100 50 0 : Adults 10 0 0 
July 5 100 75 10 : Adults 25 0 0 
July 7 100 100 20 : Adults 50 5 0 
July 9 100 100 100 : Adults 75 50 0 
July 11 100 100 Finished : Dead 100 , 95 75 
July 13 100 100 ” :  Disinte- 100 100 100 

grating 





* Listed in percentage 


the anlage of the floret ovaries. After this entry they quickly changed to third stage larvae 
and then to adults. Usually one to three females and about the same number of males were 
found in each ovary. Each female produced approximately 1,000 eggs and required some two 


weeks for their deposition. Shortly after egg laying was completed the adult worms were large- } 


ly disintegrated and soon disappeared. The deposited eggs quickly hatched into larvae, moulted 
into the second-stage form and began massing for the quiescent period when the galls began 
drying off. The entire cycle from second stage larvae to second stage larvae required three 

to four weeks and was often nearly completed by the time the inflorescence opened or "broke 
boot", This cycle is entirely dependent upon the inflorescence development of the bent grass 
plant, which may exhibit at one time several fully formed galls containing quiescent nematodes and 
also progressively younger galls with nematodes in various stages of development. (Table 1). 


B. Longevity and Quiescence 





In order to determine how long the bent grass nematode would remain active in soil under 
natural conditions, bent grass sod, six inches thick, was brought from a very heavily infested 
field to the experimental plot and placed upside down (to prevent growth) in 3-foot square con- 
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Table 2, Effect of gall age on the viability of the bent grass nematode. 
Percentage 








Age of gall infection produced 
Check, clean, no inoculum 0.0 
Galls, immature with adult females and eggs 24.4 
” immature with adult " " larvae 80.2 
= mature, current year 79.8 
: " 1 year old 36.2 
ns re 2 year old 29.8 
P ee 3 year old 25.4 





Table 3. Number of nematode galls collected at various distances from 
the blowers of threshing machines harvesting bent grass seed. 
Number of galls 

















Distance , Field A : Field B 

(feet) . Location 1 - 2 : Location 1- 2 ‘ Totals 
100 34 46 31 28 139 
200 20 16 23 18 77 
250 5 11 0 4 20 
300 2 0 1 3 6 
350 0 0 0 oO 0 
Totals 61 73 $5 53 242 





tainers (9 sq. ft.). The original soil within these containers had been lowered six inches so 
that the overturned sod was at field level. Nematode-free bent grass seed was planted on these 
plots at intervals of one and two years, and developing inflorescence was removed for examina- 
tion during the following summers. Five replicates were used and an average of 4600 flower 
heads examined from each the first year and 4800 from each the second year, but no infection 
was found, 

This clearly shows that the bent grass nematode cannot exist in the soil more than one 
year without access to a host plant having developing inflorescence, 

Goodey found that the second-stage larvae would remain dormant in the dried galls until 
revived by moisture. Experiments were made to determine if the nematodes in developing 
galls would become quiescent and later infect bent grass. Inflorescence containing develop- 
ing galls, as listed in Table 3, was removed from bent grass plants, allowed to dry, and 
used as inoculurn for bent grass growing from hot-water treated seed in steam-sterilized 
soil. Mature galls of different ages were also included in this test, to ascertain the effect of 
gall age on the viability of the contained nematodes. Infectivity of the inoculum was measured 
by determining the percentage of infected test plants. 

The data indicate that very young galls showing on partially opened inflorescence are capa- 
ble of establishing an infection, also that viability appears to be reduced during the first year 
of gall age, but remains fairly constant for the following two years. Max J. Fielding (in cor- 
respondence) reports that Anguina agrostis specimens were 100 percent alive after remaining 
quiescent in bent grass galls for a period of six years. 





DISPERSAL OF INFECTION 


Numerous surveys made over a three-year period showed that the bent grass nematode 
was confined to those areas producing bent grass seed and to other areas where seed, straw, 
or discarded materials from this production had been transported, Repeated observations 
showed also that harvesting machinery, trucks, wagons, seed containers, (burlap bags), and 
men's clothing contained large numbers of galls. On one occasion it was noted that several 
dozen nematode galls had adhered to a pair of rubber boots after walking a few hundred feet 
through an infested, wet bent grass field just prior to seed harvest. During this same year 
trips were made to two different threshing machines working on infested fields. Strips of 
"Tanglefoot" flypaper presenting an area of 24 square inches were exposed at the approximate 
distances shown in Table 3 from the thresher blowers. Two readings at each distance were 
made, listing the number of galls sticking to the flypaper after a five-minute exposure. The 
day was warm, with only a slightly perceptible breeze. 
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The data in Table 3 show that nematode galls may be carried for at least 300 feet from 
blower type threshing machines, primarily by air currents developed by the thresher itself, 
With the help of winds, often present during the harvest season, the infection could be car- 
ried many times the distances recorded above, and thereby endanger adjacent fields. 


TRANSFER TO OTHER HOSTS 


Knowledge of other hosts of Anguina agrostis is of fundamental importance in erecting 
crop rotations and other practical control measures. Consequently there were selected for 
testing the 14 species and varieties of grasses named in Table 5, as the most important crop 
and weed plants occurring in the infested areas. Clean seed from each was secured and hot- 
water-treated to destroy any possible nematode contamination. Each variety was planted on 
plots 3 feet square (9 square feet), replicated 5 times and arranged as randomized blocks, 
Each plot was heavily inoculated with nematode galls from Astoria colonial bent grass (Agros- 
tis tenuis Sibth.) harvested that year. One year following inoculation grasses growing on the 
plots where nematode infection had occurred were cut and handled at harvest season in a man- 
ner to simulate commercial procedure, i. e., cut and stacked on the plots to cure and later 
removed, but no additional nematode galls were placed on the sod. _ Grasses growing on the 
plots where nematode infection had not taken place were cut and handled as above, except that 
additional galls of the current year from Astoria colonial bent grass were placed on the soil. 

On the second and third year following inoculation, all of the grass plots were handled 
precisely as described above, the plots where infection had not taken place being re-inoculated 
each year. At the end of this period nematode-free Astoria colonial bent grass seed was planted 
on a portion of each plot in order to determine if the inoculum had still remained viable. 

The following year the bent grass plants produced nematode-galled inflorescence on every 
plot. The number of infected heads and severity of infection was practically the same on each, 
This showed that the nematodes were present and infective on each plot at the end of the three- 
year period. Nematode infection data on the grasses under test are listed in Table 4. 

These data show: 








1. That bent grasses only, Agrostis sp. and forms, became nematode infected. 

2. That the red top bent grass (A. alba) was more severely infected than the original host, 
Astoria colonial bent (A. tenuis), over the three-year period. This increased severity of in- 
fection became so acute during the third year after inoculation that inflorescence was reduced 
and all florets infected. Data taken during this third year period showed slight block variation 
and little between replicates of each variety. This slight variation together with the larger 
infection percentage means, between varieties, may largely account for the reduced L. S. D. 
values noted for this period. 

3. That severity of infection differences between the various bent grasses tested is of little 
economic importance, because any of them would maintain a dangerous soil infestation. 


The following grasses are definite transfer hosts of the Astoria colonial bent grass popula- 
tion of Anguina agrostis because they became infected, carried their own infection through a 3- 
year period and transferred it back to the original host, Agrostis tenuis. 








1. Agrostis palustris -- Seaside bent. 4. Agrostis exarata -- Spike redtop. 
2. Agrostis canina -- Velvet bent. 5. Agrostis alba -- Redtop. 
3. Agrostis tenuis (form) -- Highland bent. 

















The other grasses listed below are definitely not transfer hosts of the Astoria colonial bent 
grass population of Anguina agrostis because they failed to become infected through a three-year 
period, even though growing on soil where the original host became infected during that time. 





Phleum pratense (form) -- Creeping timothy. 


5. Poa annua -- Annual bluegrass. 
Festuca rubra v. commutata -- Chewings fescue. 6 

g 

8 


Poa sylvestris -- Bluegrass. 

- Holcus lanatus -- Velvet grass. 
- Anthoxanthum odoratum -- Sweet 
vernal grass. 











Festuca rubra (form) -- Creeping fescue. 
Poa pratensis -- Kentucky bluegrass. 
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CONTROL 


Nematode infection of bent grass is the result of contamination by the introduction of infested 
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Table 4, Percentage means of florets infected with nematodes resulting from field 
transfer experiments to other grasses from Astoria colonial bent. 
: Duration after inoculation 















































Grasses used . 1 year ~ 2 years : 3 years 

Agrostis tenuis Sibth. 

(Astoria colonial bent) 36.0 34.0 38.2 
Agrostis palustris Huds. 

(Seaside bent) 20.2 21.0 19.4 
Agrostis canina L. 

(Velvet bent) 17.8 30.6 22.4 
Agrostis tenuis Sibth. (form) 

(Highland bent) 26.6 21.6 23.0 
Agrostis exarata Trin. 

(Spike redtop-Western bent) 17.0 12.8 17.4 
Agrostis alba L. 

(Redtop) 56.0 70.0 100.0 
Phleum pratense L, (form) 

(Creeping timothy) 0,0 0,0 0, 0 
Festuca rubra v. commutata Guad, 

(Chewings fescue) 0,0 0.0 0.0 
Festuca rubra L. (form) 

(Creeping fescue) 0.0 0.0 0,0 
Poa pratensis L. 

(Kentucky bluegrass) 0,0 0,0 0.0 
Poa annua L. 

(Annual bluegrass) 0.0 0.0 0,0 
Poa sylvestris A. Gray 

(Bluegrass) 0.0 0.0 0.0 
Holcus lanatus L. 

(Velvet grass) 0.0 0.0 0.0 
Anthoxanthum odoratum L. 

(Sweet vernal grass) 0.0 0.0 0.0 
Least significant difference (L. S. D.) 

at odds 19:1* 9.7 9.0 4.4 
Least significant difference (L. S. D.) 

at odds 99:1% 13.2 12.3 6.0 





* Computed on varieties and forms of Agrostis only. 


soil by such means as flood water and/or the introduction of nematode galls that are blown by 
wind or carried in trashy seed. Practical control is based on treatment of bent grass seed and 
control of the nematodes in the soil. Data listed earlier in this paper indicate that these meas- 
ures must be based on breaking the life cycle of the bent grass nematode, consequently the fol- 
lowing experiments were designed to devise economical methods. 


A. Control in Soil 





1, By Crop Rotation and Fallow: As was mentioned above, no infected bent grass heads 
were found in the many thousands examined when infested bent grass sod was turned over and 
prevented from going to seed for one year, Similar results were obtained from another experi- 
ment designed for crop rotation. Most crops, except bent grasses, could probably be used in a 
rotation plan, if they fit into the prevailing type of agriculture. Fallow with or without crop ro- 
tation would be an effective method of control if no bent grass be allowed to go to seed during 
the first year. 

In one case a grower plowed a field which had an appro ximate 50 percent nematode infection 
of bent grass. This was planted to oats and fallowed the following year. Frequent weedings 
kept the bent grass from growing until such operations were neglected during late May and early 
June. Counts were made on 10 areas of 1 square rod each, selected at random over the field 
in July. Each location was producing bent grass plants ranging from 6 to 297 infected heads 
(inflorescence) each, or an average of 84.3 per square rod. The failure to prevent this produc- 

















80 Vol, 36, No, 3--PLANT DISEASE REPORTER--Mar. 15, 1952 


tion of inflorescence nullified previous labor to control the bent grass nematode, 





2. By Plowing: Sod from a field severely infested with nematodes was carefully dug and 
placed upside down in containers (9 sq. ft.) to represent plowing of 3-, 6-, and 12-inch depths. 
These containers were then planted with nematode-free and hot-water treated Astoria colonial 
bent grass seed in order to determine if the depth of plowing had any effect on reducing the nema- 
tode population. This test was arranged as a latin square and gave the results shown in Table 5, 

















Table 5. Number of nematode-infected heads (inflorescence) in bent grass 
snmpies grown on inoculated soil plowed at different depths. 
Number of infected heads 
Depth Replicates 
oa : B ; C ae Average 
0- (check) 34 42 55 28 39.7 
3- inches 9 14 10 30 15.7 
6- inches 0 0 0 0 0.0 
12- inches 0 0 0 0 0.0 





The data indicate that nematodes can be controlled in bent grass sod by plowing at least 6 
inches deep and turning the sod completely over. The method would be ineffective should the 
sod be turned only partly over with its edges protruding. 


3. By Pasturing: Several infested fields which had been severely pastured by sheep fol- 
lowing cattle, until late spring, were examined at harvest time for infected inflorescence, Every 
location of one square rod each, taken over these fields showed hundreds of infected heads (in- 
florescence), Excess pasturing appears to be not an effective control measure. 

Bent grass growth was removed from an infested field in late April by using a power lawn 
mower and the "stubble" allowed to produce seed. Later comparisons of these clipped plots 
with nearby unclipped plots showed an average nematode infection of 53 percent for the uncut 
plots and 43 percent for the clipped plots. However, the clipped plots produced 228 heads (in- 
florescence) per square foot as compared to 1, 216 for the unclipped plots. While the clipping 
gave 19 percent reduction in nematode infection it also showed 81 percent reduction in yield. 





4. By Flooding: Some bent grass fields are located in the low lands where they are subject 
to flood conditions during certain periods of the year. In order to determine the effect of flood 
water on the bent grass nematodes, the following test was made. Heavily infested bent grass 
sod was placed in clay pots and submerged in water for various periods. The pots were then 
removed from the water and the sod resumed normal growth, producing flower heads. The 
numbers of infected flower heads produced by the sod after soaking is given in Table 6. 

















Table 6. Number of nematode-infected heads (inflorescence) of bent grass 
in samples submerged in water for different lengths of time. 
: Number of infected heads 
Water Type eee (in weeks) 
A 0 : : 2 : 4 : Average 
Fresh 78 53 95 107 93.2 
Brackish 62 153 93 122 107.5 
Average 70.0 123.0 94.0 114.5 





The above data show that the flooding of infested bent grass fields with sluggish water 
(fresh or brackish) tends to increase the nematode infection. 





5. By Chemicals: Most of the bent grass fields concerned with these experiments were lo- 
cated in or near tide lands of the Pacific Northwest. Very few had been planted with bent grass, 
but were the result of a spread of this plant under natural conditions. Under such circumstances 
effective soil treatments withfumigants would cost more than the land was worth. 

Sodium nitrate and cyanamid, each at the rate of 200 pounds per acre, were applied in the 
autumn to small plots of 1/1000 of an acre each in a heavily infested bent grass field, in order to 
stimulate the top growth of the grass. Agricultural sulfur was applied to other plots at 600 pounds 
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per acre to determine if it might have any effect on the nematodes. There were four replications 
of each treatment. The top growth, including that on one-half of the three-foot alleyways, was 
removed with a power lawn mower the following late April and the "stubble" allowed to produce 
seed, The object was to determine if a large portion of the nematodes could be removed by clip- 
ping this growth. Uncut alleys were left for unclipped check plots. 


Table 7, Number of nematode-infected heads (inflorescence) in bent grass 
plots treated with chemicals. 
Number of infected heads 











Chemicals : Replicates 
, = C : D : Average 
Sodium nitrate 30 50 43 44 41.7 
Cyanamid 50 31 35 39 38.7 
Sulfur 44 48 40 63 48.7 
Control 57 37 47 32 43.2 





The above data show that there was no significant decrease in the relative amount of nema- 
tode infection resulting from the use of the chemicals tested. 


B. Seed Treatment 





During the threshing process many nematode galls are broken, while others remain entire, 
Most of the galls and their fragments are removed from bent grass seed along with plant residue 
during the first stage of processing the seed for market. Final cleaning usually leaves com- 
mercial bent grass seed remarkably free of galls, or other foreign matter, but seldom are all 
the galls removed. When bent grass seed is used to plant fields intended for seed production it 
is essential to use nematode-free seed on nematode-free soil and to prevent contamination from 
outside sources. 

The following experiments were performed with the idea of finding the lethal exposure to hot 
water for nematodes in various types of galls in bent grass seed. All treatments of this year-old 
seed were preceded by a pre-soak of two hours in water at 75° F. with Vatsol O. S. added at 
the rate of 8 ounces per 100 gallons. The seed with the mixed galls was then soaked in water at 
the temperatures and for the times specified in Table 8. At the end of each exposure, 10 indi- 
vidual galls of each type were placed in tap water, opened with needles and number of revived 
nematodes counted after eight days. Results are presented in Table 8. 


Table 8, Numbers of nematodes reviving from 10 galls after treatment (for each) in 
water of temperatures and durations shown. 

















Treatment : Number of nematodes reviving from 10 galls 
Tempera- : Duration : Gall Type = 
ture : Min. : Broken Naked # Covered” : Average 
122° F. 15 6, 340 23, 300 26, 350 18, 663.3 
30 0 280 11, 810 4,030.0 
60 0 0 5, 530 1,860.0 — 
90 0 0 960 320.0 
120 0 0 5 ) ei 
124° F, 15 11 389 12, 650 4, 350.0 
30 0 42 9,150 3,067.0 
60 0 0 283 94,3 
90 0 0 781 260.3 
120 0 0 19 6.3 
126° F, 15 0 0 10, 026 3,342.0 
30 0 0 4,070 1, 356.7 
60 0 0 279 93.0 
90 0 0 4 1.3 
120 0 0 0 0.0 
Average 423.4 1,600.7 5, 464.5 





&@ = nematode gall with no covering 


b = nematode gall with inner covered palea 
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The germination of good bent grass seed will be only slightly reduced (less than 5 percent) 
by a treatment of 15 minutes in water at 126° F. preceded by the above-mentioned pre-soak. 
Bent grass nematodes will be killed under such conditions, providing no "covered" galls are 
present in the seed and the entire mass becomes wet early in the pre-soak bath. Bent grass 
seed is difficult to wet, but this must be done if the treatment is to be successful. 








C. Sanitation 





Control methods should be supplemented by the following sanitary precautions designed to 
prevent spread of galls from infested to clean fields: 

1. All harvesting machinery, including threshers, tractors, trucks, and wagons should 
have all trash and chaff removed from them before leaving an infested field, This can easily 
be done by attaching an air hose to a large fan. e. g., the blower of a large duster, ard operating 
from the tractor power takeoff. Each small gall contains at least 1,000 nematodes and a hand- 
ful of thresher chaff could contain millions of these pests, 

2. Threshing machines should be set so that clean fields will not become inoculated by galls 
coming through the blower, 

3. Workers should not carry large amounts of chaff in their clothing (pockets and turned up 
trousers) when they leave an infested field. 

4. All machinery, seed bags, and other equipment should be cleaned and disinfected before 
entering a clean field. Machinery and equipment should first be freed of all surplus trash by a 
blower, as mentioned above, The next step is the proper use of heat. Sprays and gases do not 
penetrate the galls and kill the nematodes, while heat does. The following suggestions may be 
useful: 

a. Steam hose connected with boiler for nozzle application to large machinery. 

b. Steam chamber for seed bags and other small items. 

c. Boiling water application where steam is not available. 


SUMMARY 


The bent grass nematode has been found to damage seriously the seed crops of bent grass 
in certain parts of the Pacific Northwest. This nematode has been transferred from Astoria 
colonial bent grass to Seaside bent, Velvet bent, Highland bent, Spike redtop and Redtop, and 
back again to Astoria colonial bent grass. Eight other grasses failed to become infected. 

It was also found that the bent grass nematode remains in the second larval stage, adjacent 
to the grass growing points, until the bent grass produces inflorescence. Entering the develop- 
ing ovaries at that time, the larvae quickly change to adult forms. Approximately 1, 000 eggs 
are deposited by each female. These hatch immediately and the larvae moult to second stage 
and become quiescent in the drying galls. Adult males and females rapidly disintegrate after 
the termination of egg laying. This cycle from second-stage larvae entering the anlage of the 
floret ovaries through the adult stage to the resulting second-stage larvae is completed in three 
to four weeks. The nematodes cannot exist in moist soil for more than one year without the host 
plant. 

Surveys and observations indicate that this nematode infection is largely confined to areas 
producing bent grass seed. Dispersal is largely by harvesting machinery, transportation of 
contaminated waste materials, and by flood water. 

The interruption of the life cycle by crop rotation with or without fallow will control the in- 
fection, but pasturing and clipping have failed to do so. Control can also be obtained by pre- 
venting the formation of inflorescence, but no practical method of doing so except by close clip- 
ping as with lawns, has been devised. 

Larvae in galls mixed with seed can be killed by presoaking for 2 hours in water, with Vatsol 
O. S. added, then in water at 126° F. for 15 minutes, provided no gaJls covered with the inner 
palea are present. This treatment reduces germination of bent grass seed by about 5 percent. 
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IDENTIFICATION OF ROOT-KNOT NEMATODES 
(MELOIDOGYNE SPP.) BY HOST REACTIONS 








J. N. Sasser 


While making a host range study of the five described Meloidogyne species which occur 
in the United States, it became apparent that root-knot nematode populations could be identified 
on the basis of host reactions alone. Those reactions of the host plant which can be used for 
identification purposes are (1), degree of susceptibility of the host plant to the different root- 
knot species, and (2), type of galling produced on the roots of the host plant. In the first-type 
host reaction, only those plant species which are highly susceptible, highly resistant or immune 
to one or more of the root-knot species are used. The identification of populations by the second 
method, that is, type of galling, can be used thus far for only one species. 


MATERIALS AND METHODS 


Ten 4-inch pots of sterile soil were inoculated with pure cultures of the root-knot nematode 
species being tested. Five of the pots were planted with the test plant, and five with tomato seed- 
lings which served as controls since they are highly susceptible to all five species of root-knot 
nematodes. The test plants and the tomato controls grew for approximately 45 days in the green- 
house. The susceptibility of the test plants to the various root-knot species was determined by 
comparing the amount of galling on the roots of the test plants with that on the roots of the tomato 
controls. In all cases in which galls could not be detected with the naked eye the roots of the test 
plants were stained with lactophenol-acid fuchsin (2) and examined under the microscope to de- 
termine the presence of nematodes, 


RESULTS 
Table 1 shows those plant species which are either immune or highly resistant to at least 
one of the five root-knot nematode species. A plus indicates high susceptibility and a minus indi- 


cates a high degree of resistance or immunity. 


Table 1. Susceptibility of certain plant species to root-knot nematodes (Meloidogyne 











spp.).? 
: : Plant species ? 

Meloidogyne  ; Peanuts : Watermelon, wheat, : Pepper : Lycopersicon 

species : : barley, or corn : ‘ peruvianum 
M, hapla + - + + 
M. arenaria + + + + 
M. javanica =- + _ + 
M. incognita _ = 3 - = 
M. incognita = + + + 


var. acrita 








. Plus indicates susceptibility; minus indicates resistance or immunity 
b Varieties used were: peanuts, Spanish; watermelon, Dixie Queen; wheat, Coastal; 
barley, Moore; corn, Golden Cross Bantam; pepper, California Wonder, 


Peanuts are severely attacked by M. hapla Chitwood and M, arenaria (Neal), but are not at- 
tacked by M, incognita (Kofoid & White), M. incognita var. acrita Chitwood, or M,. javanica 
(Treub). Watermelons, wheat, barley and corn are highly susceptible to M. arenaria but highly 
resistant or immune to M, hapla. Three species do not attack peanuts -- M. incognita, M, in- 
cognita var. acrita, and 'M. javanica. Peppers are very lightly infected by M. javanica, ~ Lyco- 
persicon peruvianum (L. ) Mill. is susceptible to M. incognita var. acrita but not to M. incognita 


(3). 

















Thus an unknown root-knot nematode population can be identified by using the four plant 
species -- peanuts, watermelons (or any of the cereals shown in Table 1), pepper, and Lyco- 
persicon peruvianum, as shown in Figure 1, For example, should an unknown population not at- 
tack peanuts, the species present would be either M. javanica, M. incognita, or M. incognita var. 
acrita. A very light infection on pepper would indicate that M. javanica is the species present, 
while heavy infection would indicate either M. incognita or M. Somers var. acrita. These are 
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UNKNOWN POPULATION 








PEANUTS 


PEPPER WATERMELON, WHEAT 


BARLEY OR CORN 


+ / 
LYCOPERSICON . 
PERUVIANUM 


in 


M. JAVANICA M. INCOGNITA M, INCOGNITA . M. ARENARIA 
var. ACRITA 
FIGURE 1. Identification of root-knot nematodes (Meloidogyne spp.) by host reaction. 








FIGURE 2. (top left) Peanut roots showing 
early stages of infection with Meloido 
§ hapla. Note the lateral roots around the 
small gall. 


FIGURE 3. (top right) Peanut roots in- 
fected with M. hapla showing the matted con- 
dition of the root system as the result of se- 
vere infection. 





FIGURE 4. (left) Soybean roots infected 
with M. hapla, showing extensive root pro- 
liferation and matted condition, 
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further separated by testing the population against Lycopersicon peruvianum. Should an un- 
known population infect peanuts, the species present would be either M. hapla or M. arenaria. 
These two species can be separated by testing the root-knot population against watermelons or 
any of the cereals. Negative results would indicate that the species present was M. hapla, while 
positive results would indicate M. arenaria. 7 

It should be pointed out that this work includes only the root-knot nematode species that are 
believed to be the most widely distributed in this country. It is not at all impossible that popu- 
lations may be found which cannot be identified by the above procedure. Chitwood (1), for ex- 
ample, mentioned a variety of M. arenaria that did not attack peanuts, and it is probable that 
other species or varieties not considered in the present work will be found both in this country 
and abroad. 

In the course of investigations here reported it was noted that all the cereals tested were ap- 
parently immune from attack by M. hapla. The following cereal varieties were tested: corn 
(Golden Cross Bantam and Cogent Ill. 8 x 6), wheat (Coastal), barley (Moore), rye (Prolific), 
and oats (Arlington). Larvae did not even enter the roots. Cereals, therefore, could be used 
in a rotation designed to eliminate this species. Peanuts could be used in rotations designed to 
eliminate M, incognita, M. incognita var. acrita, and possibly M. javanica, from the soil. 
Peppers are attacked very lightly by M. javanica vanica and therefore could be grown without serious 
damage where this species is present. 

M. hapla is the only species of root-knot nematodes which can easily be identified by the 
type of galling produced on the roots. Plants infected by this species usually have very small 
galls, and extensive root proliferation, the roots often forming a dense mat when the infection 
is severe, This is shown in Figures 2 to 4. Note that there are nearly always- several lateral 
roots just above the gall. This effect is almost entirely absent in the case of the other species. 
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SUSCEPTIBILITY OF TOBACCO SPECIES TO THE 
ROOT-KNOT NEMATODE SPECIES 








T. W. Graham 


What was formerly regarded as a single root-knot nematode species, has been recently 
divided by Chitwood! into five species of Meloidogyne, Marked differences in pathogenicity 
were demonstrated for some of the new species. Work on breeding tobaccos resistant to root 
knot is in progress and so it was important to discover whether there were differences in the 
susceptibility of various Nicotianas to the new species of Meloidogyne. The plant material 
selected for this investigation consisted of six species of Nicotiana and two hybrids. These 
provided a range from high susceptibility to root knot (Nicotiana tabacum) to high resistance 
to root knot (N. megalosiphon), 

Soil and root inoculum of the five species of Meloidogyne was furnished through the courtesy 
of A. L. Taylor of the Division of Nematology. Each species was maintained separately and in- 
creased on tomatoes. Infected tomato roots with galls and egg masses were chopped finely 
with a food blender to obtain inoculum which was added in uniform amounts to steamed soil in 
4-inch pots. Pots were sunk in steamed sand, over an electric heating cable that maintained 
a soil temperature of 85-90 F. Two plants were set into each pot and allowed to grow ten weeks 
after which the roots were examined, 

Microscopic examinations were made at this time of the perineal patterns of the females of 
each of the Meloidogyne species. Each species was distinguished by these characters, as de- 
scribed by Chitwood, except that in some cases M. incognita could not be distinguished from M. 
incognita var. acrita. Results were taken in terms of the number of galls and egg masses, and 
these figures are given in Tables 1 and 2, 








Table 1. Susceptibility of Nicotiana species to Meloidogyne species as indicated by the number of 
galls on the roots. 




















Gall index 
M. incognita : M. : M. : M. a M. : 

Nicotiana species : var. acrita : arenaria : hapla : incognita : javanica ; Mean 
N. megalosiphon 12.5 12. 5 12.5 12.5 0 10.9 
N. longiflora 50.0 12.5 50.0 25.0 ---- a8 
= : . ; 
N. sylvestris 12.5 50.0 25.0 50.0 12. 
N. plumbaginifolia 50.0 50.0 25.0 25.0 ---- 37.5 
N. glutinosa ---- 50.0 25.0 50.0 25.0 37.5 
N. glutinosa x N. 
~ tabacum (F1) 50.0 12.5 25.0 ---- ---- 29.1 
ae rae i, 0.0 50,0 12.5 40.6 

glauca (tetraploid) ---- 50.0 50, ° ° * 
N. tabacum 50.0 25.0 50.0 50.0 12.5 37.5 
Mean 37.5 32.9 32.9 37.5 12.5 





20=No galls, 100= Maximum gall production 


Galls: Considering first gall production in relation to the different species of Nicotiana 
(table 1) it appears that the number and size of galls is not a good measure of resistance, Ni- 





cotiana longiflora and N. plumbaginifolia showed numerous large galls (mean gall index 34,3 

and 37.5 respectively) but these galls remained firm and plants grew vigorously. Few egg mas- 
ses were present, The gall index for N. tabacum was 37.5 also but galls were soft and soon de- 
cayed. Plant growth was poor and egg masses were numerous. Considering gall production by 
the several Meloidogyne species, the highest index was obtained with M, incognita and M, in- 
cognita var. acrita (37.5), and the lowest with M. javanica (12.5), The other two species were 
the same in gall production (32.9). 














1 Chitwood, B.G. Root-knot nematodes. Part1. A revision of the genus Meloidogyne Goeldi, 1887, 
Proc, Hel, Soc. of Washington 16 (2):90-104. 1949 
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Table 2. Susceptibility of Nicotiana species to Meloidogyne species as indicated by the number 














of egg masses produced on the roots, 






Egg mass index 2 
























M. incognita : M. ; M. M. : M. 

Nicotiana species : var. acrita : arenaria_ : hapla incognita : javanica : Mean 
N. megalosiphon 0 0 0 : 0 
N. longiflora 0 0 25.0 12.5 ---- 3 
N. sylvestris 0 12.5 25.0 25.0 12.5 15.0 
N. plumbaginifolia 12.5 0 50.0 13.5 ---- 18.7 § 
N. glutinosa ---- 0 12.5 0 50.0 15.6 
N, glutinosa x N. 

tabacum (F}) 25.0 0 50.0 ---- -7-- 25.0 
N. tabacum x N. 

glauca (tetraploid) 25.0 50.0 50.0 25.0 25.0 35. 
N. tabacum 25.0 50.0 50.0 50.0 12.5 37. 
Mean 12.5 14.0 32.9 17.8 20.0 





40= No egg masses, 100= Maximum egg mass production 


Egg Masses: Ability to produce egg masses appeared to be the most critical measure of 
resistance in these tests. None of the species produced egg masses on Nicotiana megalosiphon 
(table 2, mean index 0). Two species, M. hapla and M. incognita produced a few egg masses 
on Nicotiana longiflora (mean index 9.3) and N. plumbaginifolia (mean index 18.7). Nicotiana 
tabacum (index 37.5) and the tabacum-glauca t tetraploid (index 35.0) were the highest in number 
of egg masses produced, Considering egg mass production on the basis of the different root- 
knot species, M, hapla produced the most egg masses (index 32.9) and M. incognita var. acrita 
the fewest (index 12.5). 

In conclusion it appears that no indication has been found of specialized pathogenicity that 
might complicate the root knot breeding program with tabacco, The different species of Meloi- 
dogyne all attack Nicotiana tabacum. N. megalosiphon was highly resistant to all of them. The 
number of egg masses produced by the Meloidogyne species was not correlated with the amount 
of galling. 
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VIRUS AS A HAZARD IN STRAWBERRY BREEDING 
IN EASTERN UNITED STATES 








D. H. Scott, D. P. Ink, George M. Darrow and C. P. Marcus 


Demaree (3) and Clarke (2) first reported the presence of virus in strawberry varieties in 
eastern United States in 1946. At that time little was known regarding the extent of infection in 
eastern varieties, but later reports by Demaree (4) and Demaree and Marcus (5) showed that 
strawberry stocks ingluding many of the varieties introduced in the last three years are general- 
ly infected with virus 

Prior to 1947, all strawbernies at the Plant Industry Station were grown in one field. The 
plantings of seedlings were grown adjacent to the variety test plots, and selections were inter- 
spersed with commercial varieties for comparison of fruit and vegetative characters. When the 
variety and selection planting was established in the spring of 1947, five plots of virus-free 
Marshall were included, By the fall of 1947, most of the Marshall plants were showing symptoms 
of virus infection, Examination of many plants revealed a heavy infestation of the strawberry 
aphid vector (Capitophorus spp.) and the planting was destroyed. This experience led to the in- 
dexing, beginning in 1948, of all strawberry selections from the breeding work at Beltsville, 

Both recent sélections and those made prior to 1948 have been indexed. Beginning in 1947, the 
seedling fields were isolated from other cultivated strawberries, except for part of the planting 
in 1947, and control of aphids was begun, both in the greenhouse on new seedlings and in field 
plantings. This is a report on the results to date of such procedures. 

From two to five, sometimes ten, of the most vigorous plants of each selection were in- 
dexed. The technique was the same as that used by Demaree and Marcus (5). Marshall was used 
as the indicator piant in 1948, but Fragaria vesca (East Malling clone) has been used from 1949 
to the present. To aid in interpretation of the results the data have been grouped in Table 1 ac- 
cording to the original field locations of the selections, Selections from field A were grown in 
the field as seedlings during 1945, selected in June 1946, and indexed in 1948. Thus they had 
grown adjacent to commercial varieties and to older selections for three years prior to indexing. 
All selections made after 1947 were maintained in separate plantings and either sprayed or dusted 
with parathion, 





Table 1. Number of strawberry selections indexed to Fragaria vesca and per- 
centage of selections virus-free, Beltsville, Maryland, 1949 to 1951. 











: Year : Selections : Selections 
Field : Location : originated : indexed : virus-free 
Number Percent 

A Adjacent to variety plots 1945 12 0 
B ‘s Toe Bee P 1947 63 37 
c Isolated 1/4 mile 1947 52 100 
D . ‘s r " 1948 46 96 
E Adjacent to 1947 selections 1949 33 94 
F Isolated 1/4 mile 1950 ad 100 





The data in Table 1 indicate that spread of virus into new selections has been greatly reduced 
since 1947, In 1947 field B, which was adjacent to a variety planting, became severely contam- 
inated, only 37 percent of the selections being virus-free. Field C, also planted in 1947 but 
separated from all cultivated strawberries by at least 1/4 mile, apparently remained virus-free. 
Isolation did not keep all virus out of the plantings, however. As can be noted for field D, also 
isolated by 1/4 mile, two of 46 selections were found to be infected. Isolation appeared to be 
helpful. 

Even though aphid vectors occur in a planting, their presence may not necessarily mean that 
the plants have become infected with virus. Strawberry aphids were discovered in one of our 
isolated previously virus-free selection plantings in September 1950. Thirty plants on which 
there were aphids were dug from scattered locations in the planting and were indexed to Fragaria 
vesca. Only four plants had virus. In a further check on the presence of virus in this planting, 
five plants of each of seven selections were taken at random and indexed. One plant of the 35 had 





‘More than one virus frequently was resent in stocks from various sources. Inour material only type 
#1 (Demaree) was found at the Plant Industry Station. 
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virus. Demaree and Marcus (5) also observed the vector on strawberry plants that were found to 
be virus-free when indexed to F. vesca. 

Little appears to be known about what constitutes adequate aphid control measures in 
eastern United States, but parathion gave very good control for Breakey and Campbell (1) in 
Washington State. Some experiences that we have had on aphid control can be cited. When 
aphids were discovered in 1950 in the virus-free selection plantings mentioned above, a sur- 
vey was made to determine how prevalent they were. The planting was 1/2 acre in size. 
Plants were examined at 150 places during September and the vector was found at 40 locations 
scattered through the planting. Parathion sprays had been applied with a three-nozzle row- 
crop sprayer to this planting on April 21, May 10, and June 20, From observations on the 
winged form of the aphids, June 20 should have been well past the date for any alate aphids. 
The infestation of aphids was so great in September that parathion when applied as a spray 
appeared to have been of little value in their elimination. Accordingly, the planting was 
sprayed with octamethylpyrophosphoramide (1 quart per 100 gallons at rate of 100 gallons per 
acre) on October 2. This material has been used successfully in England for strawberry aphid 
control (6), Examinations 24 hours after application revealed many dead aphids, but many 
still alive also. Eight days later aphids were alive and increasing rapidly. On October 1la 
1% parathion dust was applied with a power duster at the rate of 20 to 25 pounds per acre. 
Within three hours many aphids were found dead and 24 hours after dusting no live aphids could 
be found and none have been found since, As a result of these experiences, all plantings were 
dusted frequently with parathion in the spring and fall of 1951. A thorough search of the straw- 
berry plantings in early November 1951 revealed no aphids and we are hopeful that by an inten- 
sive dusting program and isolation of plantings virus can be kept out of our breeding material. 
Dusting under our conditions has appeared more effective than spraying for aphid control. 

The present status of the strawberry stocks at Beltsville in relation to virus is given in 
Table 2, All virus-free material is being grown in an isolated planting at least 1/4 mile from 
any cultivated strawberries and all plants in this planting have been propagated from indexed 
virus-free plants. 


Table 2. Virus status of strawberry selections at 
Beltsville, Maryland, December 1, 1951. 











Year selected Number of Number 
selections virus-free 

Prior to 1947 6 0 
1947 16 7 
1948 54 48 
1949 48 47 
1950 30 28 
1951 44 44 

Total 198 1742 





@ All virus-free selections grown in an isolated location 
and kept aphid-free by dusting with parathion 


At present there is no known source of virus immunity in strawberries although there ap- 
pears to be virus tolerance in certain varieties. In this connection one further observation is 
presented regarding virus tolerance in one clone of Fragaria virginiana. The clone had been 
grown in the variety plots at Beltsville for ten years prior to 1948, part of the time under con- 
ditions known to favor virus infection, Two different samples of plants of the clone were all 
found virus-free when indexed to F. vesca. On October 17, 1950, 15 potted virus-free plants 
from indexed material were placed in a field severely infected with virus and heavily infested 
with aphids. An F. vesca plant was placed beside each F, virginiana and all plants were left 
in the field for a month, Shortly after the plants were returned to the greenhouse 14 of the 15 
F. vesca plants showed virus symptoms. Indexing the F. virginiana revealed that eight of the 
15 were still virus-free. The eight virus-free F. virginiana plants were next grafted to virus- 
infected F, vesca and the grafts carefully checked to be sure there was a good union, About 
two months after the original graft to virus-infected plants was made, the F. virginiana plants 














were indexed to clean F., vesca and four of the eight showed no virus symptoms. It would appear 





that this clone of F, virginiana does not become readily infected with virus, Whether this 
material may be of value in breeding for virus tolerance will depend to some extent on whether 
virus-free varieties can be maintained in such a condition sufficiently long to be of value to 
strawberry growers, 
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RELATION OF A FAST PERIOD TO THE APHID TRANSMISSION 
OF THE CRINKLE VIRUS OF STRAWBERRY + 








P. W. Miller 


The minimum feeding period onan infected plant required for strawberry aphids (Capitophorus 
fragaefolii (Ckll.), C. minor (Forbes) and C. sp.) to become viruliferous is of importance in re- 
lation to control, In 1946, Prentice and Harris (2) reported aphid transmission of the yellows 
virus in a small percentage of cases after a feeding period of only one hour on the infected plant; 
however, the proportion of infections increased with a longer feeding time. 

Recently, Miller (1) reported that a single viruliferous aphid may transmit strawberry yel- 
lows after a feeding period of one hour. 

In 1938, Watson (4) demonstrated that if the aphid Myzus persicae (Sulz.) was subjected to a 
short fasting period before feeding on a viruliferous plant of Hyoscyamus niger, its efficiency to 
transmit Hyoscyamus virus 3 was greatly increased, 

In 1949, Sylvester (3) likewise reported that the efficiency of Myzus persicae in transmitting 
the sugar beet mosaic virus could be increased from 10 percent to 70 percent or more by fasting 
the aphids for 15 or more minutes before the acquisition feeding period. 

The relation of a pre-acquisition fasting period to the feeding time required by aphids to be- 
come viruliferous has not yet been determined. It is important to know the effect of a pre- 
acquisition fasting period as aphids may fast for a number of hours during migration. Do they 
become infective sooner after a fast period? An experiment designed to answer this question was 
carried on by the writer in 1951. In this experiment, a number of wingless aphids from a healthy 
stock colony maintained on a healthy Fragaria vesca plant were transferred to a petri dish con- 
taining a piece of moist filter paper. After a fast period of three hours approximately half of the 








aphids (33) were transferred to a Marshall strawberry plant infected with crinkle where they were | 


permitted to feed for 30 minutes; the remainder of the aphids (27) were fasted for 22 hours before 
they were permitted to feed for 30 minutes on the infected plant. Both lots of aphids were then 
transferred to a number of healthy F. vesca (East Malling) plants (three aphids per plant) where 
they fed for five days. A third lot of aphids were transferred directly to an infected Marshall 
plant for a 30-minute feeding period and subsequently transferred to healthy F, vesca plants 
(three aphids per plant), The results of these pre-acquisition fasting experiments are given in 
Table 1. 








Table 1. Relation of a pre-acquisition fast period to the feeding time required 
by aphids for the transmission of strawberry crinkle, 1951. 








Pre-acquisition Acquisition Plants 
fast period feed period Inoculated Infected 
Hours Minutes Number Percent 
0 30 13 0 
3 30 il 63 
22 30 9 55 





As shown in Table 1, aphids that had not fasted before feeding on an infected Marshall straw- 
berry plant did not transmit the crinkle virus to Fragaria vesca plants after a 30-minute infection 
feeding period, whereas those that had a 3- or a 22-hour fast period before the 30-minute feeding 
period transmitted the crinkle virus in relatively high percentages of the cases. 





Discussion 


There are at least two possible explanations for the effect of a fast period on the transmission 
of the crinkle virus by aphids: one is that fasted aphids are hungrier than non-fasted ones and 
waste no time in feeding; the other is biochemical and is predicted on the theory that enzyme pro- 
duction in the stomach of a fasted aphid is different from that in the stomach of a non-fasted one, 





Published as Technical Paper No. 722 with the approval of the Director of the Oregon Agricultural 
Experiment Station and the Chief of the Bureau of Plant Industry, Soils, and Agricultural Engineering, 
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ment of Botany and Plant Pathology of the Oregon Agricultural Experiment Station and of the Division 

of Fruit and Nut Crops and Diseases of the Bureau of Plant Industry, Soils, and Agricultural Engineering. 
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The main proteolytic enzyme found in the stomach of an aphid is trypsin (5). According to Wig- 
glesworth (5) enzyme production in the stomach slows up greatly or ceases entirely during fasting. 
It is well known that viruses are precipitated from viruliferous plant extracts by protein precipi- 
tants. Mixing viruliferous extracts with trypsin, a proteolytic enzyme, would in all probability re- 
duce its infectivity, The presence of large amounts of trypsin in the stomach of a continuously fed 
aphid may result, therefore, in an initial reduction in the infectivity of juices extracted from a 
viruliferous plant with the result that a longer period of feeding is necessary before the aphid 
can transmit the virus. 

Aside from possible theories as to the cause of the increased efficiency of pre-fasted aphids, 
the results have certain practical considerations, A reduction in the feeding time required for 
the aphids to become viruliferous calls for a re-examination of the control program. For abso- 
lute control, an insecticide must act fast enough to kill an aphid before a 30-minute feeding period 
is finished. Systemic insecticides must also be powerful and quick acting enough to kill the aphids 
within a similar period. 
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TECHNIQUE FOR INDEXING STRAWBERRIES FOR VIRUSES 
BY GRAFTING TO FRAGARIA VESCA 








P, W. Miller 


Progress in determining the presence of viruses in cultivated strawberry varieties has been 
greatly speeded up in recent years by the discovery that some strains of Fragaria vesca are very 
sensitive to virus diseases. This sensitivity was first reported by Harris and King (3) who 
demonstrated that a selection of F. vesca collected near East Malling, England, was very sensi- 
tive to certain strawberry viruses. Other wild strawberry species and variants reported to be 
very sensitive to certain strawberry viruses are F. virginiana (4), F. vesca var. californica (7), 
a variant of F. vesca from Seneca, Oregon (5), a form of F. vesca from Dee, Oregon (6), and 
F. bracteata (2). os 

On the contrary, F. chiloensis, F. ovalis, and certain cultivated varieties such as the Rock- 
hill are very tolerant to viruses and, when infected, show few or no symptoms (3). However, 
when these infected tolerant species and varieties are runner-grafted to virus-sensitive F., vesca, 
the disease becomes very apparent in the_F. vesca indicator plants (1) (Fig. 1). 7 














FIGURE 1. A viruliferous tolerant hybrid 
strawberry plant (on right) grafted to a virus- 
sensitive selection of F, vesca from East Mal- 
ling, England, (on left). 








Grafting of strawberry varieties to virus-sensitive indicator plants to test for the presence 
of viruses, begun by the writer in 1949, has been carried on since on an ever increasing scale. 
Efficient methods of grafting have been worked out. The methods now in use and the conditions 
favoring the development of a graft union are discussed herein, 


Methods of Grafting 





Two methods have been used successfully to graft the runners of the donor (the plant being 
indexed) and of the receptor (the indicator plant) together, namely the "tongue" graft and the ap- 
proach graft. 


The "Tongue" Graft: With this method, a cut, about 3/4 inch long and 1/32 inch deep, is 
made with a sharp safety-razor blade, parallel to the surface of the runner of the donor and near 
its tip, and a thin piece of tissue is sliced off. An oblique cut, about 1/2 inch long, starting from 
one end of the parallel incision, is then made. In making this cut, care should be taken not te 
cut more than three-fourths through the runner or else it may die (Fig. 2, A). A similar parallel 
cut and an oblique cut running in the opposite direction are made in the runner of the receptor 
(Fig. 2, B). The cut surface of the donor should face the cut surface of the receptor. The 
"tongue", or wedge-shaped cut, of the donor is then inserted in the cut in the receptor, the cut 
surfaces of each runner thus being brought into very close contact (Fig. 3, A). While the graft is 
held in place with one hand, small strips of scotch tape are placed on both ends of the graft with 
the other. A piece of electrician's rubber tape is then placed around the graft and the two runners 
are "clinched" firmly together, Finally, the entire grafted area is coated with a cold-water as- 
phalt emulsion. Application of the asphalt emulsion favors the formation of an organic union by 
reducing the desiccation of the cut surfaces. This method is advised if the runners of both the 
receptor and the donor are relatively large in cross-sectional diameter. 





The Approach Graft: With this method, a cut about 3/4 to 1 inch long and 1/32 to 1/16 inch 
deep is made parallel to the surface in the runner of the donor near the tip and a thin piece of tis- 
sue is sliced off (Fig. 2, C). A corresponding cut and slice are made in the runner of the recep- 
tor (Fig. 2, D). The cut surface of the donor should face the cut surface of the receptor. While 
the two cut surfaces are held together with one hand, the runners should be taped together with 
scotch tape and electrician's rubber tape and finally the grafted area should be coated with water 
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asphalt emulsion as described previously (Fig. 3, B). This method of grafting is advised if the 
runners of either donor or receptor, or both, are relatively small in cross-sectional diameter. 
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FIGURE 2. Diagrams showing runners FIGURE 3. Types of grafts used in graft- 
of donor and receptor strawberry plants pre- ing strawberries: A, a "tongue" graft; B, an 
pared for grafting: A, B, for "tongue" graft approach graft, (The grafts are held together 
(A=donor; B=receptor); C, D, for approach with scotch tape; the rubber tape and asphalt 
graft (C=donor, D=receptor). emulsion have not yet been applied. ) 


It is possible also to use this method to petiole-graft plants when the donor is not producing 
runners. The leaves grafted should be growing actively. The graft should be made on the under- 
side of the petiole. 

If the procedures outlined are followed, no special precautions to provide high humidity after 
grafting have been found necessary. 


General Suggestions 





Both the donor and the receptor plant should be vigorous and growing actively for the best re- 
sults. 

The greatest percentages of positive grafts have been obtained with succulent runners that 
have just completed their primary elongation and are just beginning to unfold the primary leaves 
of the tip plants. The runners of donor and receptor should be in a similar stage of development, 

So that an organic union will be positively obtained, the donor should be grafted at least twice. 
If the plant has two runners in the proper stage of development for grafting the two grafts may be 
made at the same time, Otherwise, the grafts will have to be made at different times. Double 
grafting is absolutely necessary in indexing plants of varieties to be used as virus-free foundation 
stocks. 

The most useful of the wild strawberry indicators is the East Malling (England) variant of F. 
vesca. This selection is very sensitive to practically all strawberry viruses and symptoms be- 
come apparent rather soon (two to four weeks) after inoculation, If this indicator is grown in four- 
inch pots of fertile soil and plants are good-sized when grafted, the primary runners are relatively 
large and suitable for grafting by the "tongue" method. 

Indexing of strawberries may be carried on practically the entire year ifa greenhouse equip- 
ped with lights is used during the winter. Fairly warm temperatures (60° to 70° F.) should be 
maintained in the house and darkness should be interrupted by three hours of light (11 P. M. to 2: 
A. M.) in late fall and winter months. 
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THE EFFECT OF EARLY SPRING FUNGICIDES ON BOTRYTIS CINEREA 





Dwight Powell 


Gray mold rot of strawberry caused by Botrytis cinerea is considered one of the most im- 
portant diseases of this crop. Damage is most severe on mature or near-mature fruit and blos- 
soms. The nature of the disease suggests that chemical sprays fairly early in the season might 
eradicate a good share of the over-wintering mycelium and also protect the blossoms and berries 
against subsequent conidial infection. This disease is probably the cause of greater loss of ber- 
ries in the field and in transit than any other malady, particularly during wet harvesting periods. 

As B. cinerea is known to grow on many kinds of decaying vegetation, it is probable that suf- 
icient inoculum to infect a strawberry planting would be supplied from vegetation of adjoining 
fence rows and other uncultivated areas, However, it is also probable that most of the primary 
infection could be initiated from within the patch from dormant strawberry plants and overwinter- 
ing mulch, in which case a moderate fungicide program, properly timed, would reduce such in- 
fection, The object of this experiment was to determine if Bordeaux mixture and some of the 
newer organic fungicides applied in the early bloom would be of value, 





Procedure: Two sites in Illinois were selected for this experiment, one near Cobden and the 
other near Walnut Hill. Both of these areas are commercial strawberry centers, being separated 
by a distance of 100 miles, north and south. At Cobden, a patch of three-year-old Robinson ber- 
ries was divided into four plots, each plot being 4 rows wide and 150 feet long. Spray applica- 
tions were made on April 23 at the first appearance of the blossoms, and on May 15. This plant- 
ing had a natural mulch of wild oats. The entire floor of the plots was sprayed and the treatments 
used are listed in Table 1. Counts to determine the degree of gray mold infection were made 
May 29 just ahead of the first picking, and on June 5 before the second picking. These data are 
shown in Table 1. 


Table 1, Control of Botrytis rot on strawberry variety Robinson in relation 
to fungicide treatment. - 
Percentage of berries with rot: 














Treatment/100 gal. *  : May 29 : June 5: Injury 
CuSOq4, 4 lb., lime, 6 lb. 14,6 4.1 None 
Orthocide 406, 2 lb. 6.6 2.2 None 
Ferbam, 2 lb. 4.8 3.2 None 
None he ae | None 
Grower 12.0 None 
L. S. D. at 5% level 7.9 





2 DDT, 1 lb. plus chlordane, 1 lb. was used in Plots 1-4 with the fungicide. 
b Grower used a commercially prepared dust containing DDT, chlordane, and 
sulfur. 


At Walnut Hill, an unmulched patch of Blakemore was divided into 2-row plots 576 feet long. 
Every other two rows were used as buffer rows. The materials used are listed in Table 2. Ap- 
plications were made May 1, at almost the full bloom stage, and on May 6. The first picking 
started May 28 and infection counts were made just ahead of this picking, The data are listed in 
Table 2, 


Table 2. Control of Botrytis rot of strawberry variety Blakemore 
in relation to fungicide treatment, 
Percent berries 














Treatment/100 gal.# with rot Injury 
May 8 
CuSO4, 4 lb., lime, 6 lb. 23.6 None 
Ferbam, 2 lb. 10.9 None 
Dithane Z78, 2 lb. 27.0 None 
Phygon XL, 1/2 lb. 18.0 Severe 
None 28.7 None 
L. S. D. at 5% level 8.8 





2 DDT, 1 lb. plus chlordane, 1 lb. was used on each plot with the 
fungicide. 
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In both blocks, six different sites were selected per treatment and 50 berries examined per 
site, making a total of 300 berries examined per plot for each count. Treatments were applied 
with a 7G. P. M. pump at 400 lbs. pressure at the rate of approximately 460 gallons per acre. 


Results: The data in Table 1 show that both Orthocide 406 and ferbam reduced the early in- 
fection of gray mold below Bordeaux mixture, and the grower's plot of sulfur dust. This dif- 
ference, while not particularly significant statistically, was so apparent that the pickers noticed 
the lack of rot in these treatments. By June5, however, infection had leveled out between treat- 
ments. This was expected as harvesting operations would tend to result in a wide dissemination 
of the spores. Also, natural spread of the spores by wind would be an important factor. 

In Table 2 a similar reduction is noticed with ferbam. Orthocide 406 was not used in this 
test due to lack of material. Dithane Z78, and Bordeaux mixture were not comparable to ferbam 
in this test. Phygon XL was within the range of significance, being comparable to ferbam in con- 
trol, but it caused severe leaf scorching of the plants after one application, 


Discussion: While the data in Tables 1 and 2 do not show a great deal of statistical signifi- 
cance among treatments, ferbam in both instances was generally superior to the other treatments, 
with Orthocide 406 comparable to ferbam in the Cobden test. It is likely in each case that a third 
application would have helped, In general, the plan in 1952 is to start the first application with 
the first appearance of bloom and make three applications at ten-day intervals. Larger plots 
should also be used in further testings of this nature to counterbalance the rapid dissemination of 
gray-mold spores, 

It has been demonstrated for the first time that certain fungicides may be used effectively in 
the field against Botrytis rot of strawberry. The reason for the reduced infection is thought to 
rest largely with the protective value of ferbam and Orthocide 406. Observations indicated less 
blossom infection in these two treatments, although no exact count was made, There is no good 
explanation for the poor showing of Bordeaux mixture. A production record kept by the grower 
in the Robinson block favored all of the fungicide treatments above the control block, but a further 
analysis of other factors discounted the significance of this record, 

Since DDT and chlordane are now recommended for strawberry insect control these materials 
were incorporated with the different fungicides and in each plot insect control was excellent. 

The cost of applying three fungicide sprays would be very nominal in comparison with the 
value of the strawberry crop. For example, three applications of ferbam at 2 lb. per 100 gallons 
at the rate of 480 gallons per acre would cost less than $20 per acre for the chemical. By using 
the non-stop system with either guns or booms, an acre can be sprayed in less than one hour, 


Conclusions; Ferbam and Orthocide 406 show promise for the control of Botrytis cinerea on 
strawberries when used in two applications starting in the early bloom period, It is thought that 
larger plots than those used in this experiment, plus a third application, would have greatly in- 
creased the over-all efficacy of these treatments. 
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A BLACK TIP CONDITION ON PEACH FRUITS IN CALIFORNIA 





A A McCornack!, Bg Se Cochran”, Harley English’, ana tS. Ts Hemstreet! 


An unusual dead tip condition was observed in peach fruits in the Cucamonga area of Cali- 
fornia in June 1950 and again in 1951. Growers reported that affected fruits have been seen for 
several years, but that the number and severity have been increasing. The disorder is similar 
in appearance to blossom-end rot of tomatoes, suggesting that it may be caused by some factor 
which interferes with water uptake or translocation. 

Observations made in scattered orchards surrounding the one in which the injury was first 

noted revealed the trouble more prevalent in some than in others. Fruits of the following peach 
varieties were affected: Fay Elberta, Early Elberta, Socala, Babcock, Elberta, J. H. Hale, 
Rio Oso Gem, and Robin. Up to 25 percent of the fruits in the most severely affected orchards 
showed symptoms. There was a slight tendency for a larger percentage of the fruits on the pe- 
riphery of the trees to be affected than elsewhere. Affected fruits occurred on vigorous healthy 
trees that showed no other symptoms of injury. 

The symptoms on affected fruits consisted of black, generally circular, sunken areas at the 
blossom ends. The size of affected areas on individual fruits varied from slightly discolored tips 
to areas three-fourths of an inch in diameter (Fig. 1). As the fruits matured, the black areas re- 
mained firm, eventually becoming hard, and in some cases tended to separate from the remainder 
of the fruit. The affected areas appeared to be full size from their inception and did not increase 
in size as the fruits grew. 


FIGURE 1. Socala 
peach fruits, showing vari- 
ous sizes of black tip areas 


Examination of the flesh beneath a sunken area usually revealed a gum pocket. Gumming is a 
common trouble in peaches, particularly in the Phillips Cling variety. No necrotic areas of the 
blossom-end rot type have been associated with common gumming. The flesh adjacent to the gum 
pockets of common gum-affected fruits is usually jellied and flooded with gum, whereas in black- 
tip-affected fruits the flesh adjacent to gum pockets and to the necrotic tissue appears nearly nor- 
mal. Occasional spirals of gum which had exuded from black-tip-affected fruits were observed, 
but it was hard, brittle, and easily broken off. 

The cause of the black tip has not been determined. The character of the lesions suggested 
chemical injury. Spray material was ruled out because some of the affected orchards are known 
to have received no spray treatment since before the blossom stage. In addition, the injury occur- 
red only on the apical end, even on fruits in various positions in the tree. A check with growers 
indicated no change in cultural practices from previous years when the trouble was not present. 
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Affected fruits occurred in both irrigated and dry-farmed orchards, indicating that soil moisture 
was not directly a factor. Absence of leaf scorch or other injury and the general vigorous char- 
acter of growth were taken as evidence against excess salt injury. Affected fruits were shown to 
entomologists, who disclaimed the injury as characteristic of that known to be caused by insects. 
Agar plate cultures were made from the black tips of a number of typically affected fruits and no 
organisms suspected of being pathogenic were found. 

That the injury was increased by impaired translocation was demonstrated in Early Elberta 
peach trees, which had been girdled by gophers, but which had produced enough new roots above 
the girdle to keep the trees alive. These trees were noticeably weakened when seen in June, the 
leaves being yellow-green. All the fruits on these trees showed typical sunken black tips, where- 
as only approximately 25 percent of the fruits were affected on the most seriously affected trees 
which had not been gopher-injured, The blossom-end spots on the fruits on the gopher-injured 
trees were generally larger than those on fruits on ungirdled trees. 

An examination was made of weather records to see whether any unusual weather condition, 
which might have caused the black tip condition, had occurred. In 1950, four-day periods of ab- 
normally high temperatures and very low humidity occurred in both April and May. No such ab- 
normal weather occurred in 1951, yet the trouble recurred in orchards in the same general vi- 
cinity. 

The summation of the evidence available indicates that black tip is caused not by an infectious 
agent, but by some physical or chemical injury. Since the disorder appears not to be connected 
with any change in growing practices, consideration was given to the possibility of cause by fac- 
tors new to the area, such as air pollution. The affected area lies within four to twelve miles 
west of the steel plant, located at Fontana, California. This plant, built during World War I, has 
been increased steadily in size and operation, 

In support of the hypothesis of air pollution as a cause of black tip, one grower appears to 
have reduced the amount of injury in his orchard by installation of overhead irrigation, thereby 
probably washing off part of the material settling out of the air. Surveys have also revealed apri- 
cots (the Royal variety is more severely injured than Tilton) showing leaf scorch typical of that 
described for fluorine injury*, growing in dooryards scattered through the area where black tip 
occurred on peaches, Investigations are under way to determine, by chemical analysis, whether 
fluorine is the cause of black tip. 


AGRICULTURAL EXTENSION SERVICE, SAN BERNARDINO COUNTY, CALIFORNIA; U. S. 
BUREAU OF PLANT INDUSTRY, SOILS AND AGRICULTURAL ENGINEERING; AND CALI- 
FORNIA AGRICULTURAL EXPERIMENT STATION; CITRUS EXPERIMENT STATION, RIVER- 
SIDE, CALIFORNIA 





2DeOng, E.R. 1946. Injury to apricot from fluorinedeposit. Phytopath. 36: 369-471. 
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LEMON TREE COLLAPSE NOT CAUSED BY THE QUICK-DECLINE VIRUS 





E. C. Calavan and J. M. Wallace \ 


For a number of years it has been observed that orange trees with quick-decline virus react 
similarly to lemon trees in "collapse" or in advanced stages of "decline."" Symptoms common to 
both disorders (2, 5, 7) are: sieve tube necrosis near the bud union; loss of starch from the root- 
stock; progressive death of the roots; inferior shoot growth; bronzed or yellowed foliage with par- 
tial to complete defoliation in most cases; and wilting and death of the tree unless the usual "equi- 
librium" stage is established. 

These are several important differences between lemon tree collapse and orange tree quick 
decline. 

1. In collapse of lemon trees sieve tube necrosis develops primarily above the bud union 

(7, 8) but in quick decline of orange it occurs mainly below the bud union (5, 6). 

2. -Collapse, unlike quick decline (2, 3) does not appear to be spread by insects. 

3. Collapse occurs in lemon trees with grapefruit, sweet orange, sour orange, and Rough 
lemon rootstocks (2). Injury from quick decline is confined almost entirely to sweet 
orange trees with sour orange rootstocks in California commercial plantings. 

4. Collapse occurs only on trees five years or more of age, but quick decline can affect 
trees less than two years old. 

5. Collapse appears mostly in the coastal areas of Santa Barbara, Ventura, and San Diego 
Counties (2) where quick decline has not yet occurred, but collapse has not been found in 
the oldest quick-decline centers. 

6. Collapse antedates quick decline. Growers reported collapse as early as 1927, about 13 
years before quick decline was discovered. 


The transmissibility of the quick-decline virus was demonstrated in 1946 by Fawcett and Wal- 
lace (4). This discovery emphasized the need for investigations to determine whether or not lem- 
on tree collapse might be caused by the same virus. Consequently, 100 healthy orange trees (50 
Washington Navel and 50 Valencia) on sour orange rootstocks, and therefore highly susceptible to 
quick decline, were planted in a plot established April, 1948, near Oxnard, California. 

Buds and spur buds from six sources of lemon tree collapse were inserted in the trunks and 
branches of 64 young orange trees in April and May, 1948. Buds from three sources of slowly 
declining lemon trees were placed in 12 trees. Each of these 76 test trees received buds from 
only one diseased orchard tree. Twenty-four trees were kept as unbudded controls. All buds 
and trees were obtained outside the quick-decline area. Nearly all buds survived, but very few 
were permitted to grow. In 45 months none of the trees has shown symptoms of quick decline or 
of any other known virus disease except psorosis. Psorosis virus was found to be present in two 
of the collapsed lemon sources used in the transmission tests but does not appear to be a factor 
in the collapse of lemon trees. 

In acdition to the tests with orange trees, both young and mature lemon trees were budded. 
The young trees used were on grapefruit, sweet orange, sour orange, an? Sampson tangelo root- 
stocks. Mature trees inoculated had grapefruit, Rough lemon, and sweet orange rootstocks. Both 
groups included many trees of lemon strains which have not been found collapsing in orchard plant- 
ings. Scions of many of these young lemon trees came from seedling lines (apparently nucellar) 
of Eureka lemon, a variety which is known to collapse. A total of 741 young and 98 mature lemon 
trees received buds from diseased trees during the period of November, 1947, to May, 1949. An- 
other ten mature trees received bark-patch transfers from collapsed lemon trees. Each tree was 
inoculated from only one source, except that 24 young trees each received buds from three col- 
lapsed sources. Altogether, 22 collapsed and four declined lemon source trees were used. Two 
hundred and seventy-eight young and 98 mature trees were used as controls. 

No evidence of virus transmission, except with psorosis, has yet been obtained in any of these 
orange or lemon trees (2). 

As a supplement to the studies near Oxnard buds from a collapsed lemon tree at Corona, Cali- 
fornia were placed in four sweet orange trees with sour orange rootstocks in the quick-decline test 
plots at Baldwin Park, California. No symptoms have developed in 30 months, whereas symptoms 
of quick decline appeared on similar test trees inoculated from quick-decline sources in 10 months. 

Other quick-decline studies with trees of Eureka lemon on sour orange and sweet orange root- 
stocks showed no effects of inoculation with quick-decline virus even though it was demonstrated 
that the virus became established in the inoculated lemon trees. This led to the conclusion that 
Eureka lemon can be a symptomless carrier of the virus of quick decline. 
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Tissue from a collapsed lemon tree grafted into Mexican lime seedlings by the method (9, 10) 
used to demonstrate leaf symptoms of quick decline, also produced entirely negative results. 


DISCUSSION AND CONCLUSIONS 


All the available evidence indicates that rapid decline and collapse of lemon trees is not 
caused by the quick decline virus. All attempts to induce symptoms of quick decline by budding 
from collapsed lemon trees into healthy sweet orange trees on sour orange rootstocks have been 
unsuccessful. If buds from collapsed lemon trees used in these experiments had contained the quick - 
decline virus, symptoms should have developed in the budded orange trees within 8 to 12 months. 
Moreover, although lemon can harbor the quick-decline virus, ~ lemon trees in the oldest quick- 
decline areas have not collapsed. Neither have orange trees outside the quick-decline areas ac- 
quired quick decline during the past 25 years from nearby collapsed lemon trees. If lemon tree 
collapse and quick decline had the same cause, quick decline should have appeared in California 
long before 1948. Lemon tree collapse has not been reproduced by bud transmission in the man- 
ner possible with quick decline and, therefore, may be noninfectious. Its occurrence seems to 
be largely associated with certain scion-rootstock combinations. Some lemon selections are re- 
sistant t8 collapse and allied disorders (1, 2, 8). 

Most symptoms of both lemon tree collapse and quick decline are attributable to failure of 
translocation near the bud union. Blockage of food-conducting tissues causes starvation of the 
rootstock which results in death to part or all of the root system and decline or collapse of the 
tops. The extent of root damage appears to be determined largely by the degree and duration of 
the girdling effect (2, 8). Severity of top symptoms is, in turn, dependent on the amount of root 
deterioration. 

The primary cause of lemon tree collapse has not been found, but considerable doubt regard- 
ing the virus theory is raised by the failure of symptoms to develop in healthy lemon trees which 
received buds from collapsed trees 45 months ago. It has been determined, however, that simi- 
larities between lemon tree collapse and quick decline of oranges are not due to parallel reactions 
of closely related species to infection by the quick-decline virus. 
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NEW PHYSIOLOGIC RACES OF BEAN RUST (UROMYCES PHASEOLI TY PICA) 








H. H. Fisher 


In 1941 Harter and Zaumeyer (3) reported 20 physiologic races of bean rust, Uromyces 
phaseoli var. typica Arthur. Subsequently, Foster (2) reported the reactions of certain lines 
and varieties of beans to infection but did not identify the races of rust with which he had worked, 
Dundas (1) found new races of rust produced by mutation but did not describe their reactions to 
differential hosts. In 1949 Weaver and Marcus (4) discovered a new strain of rust from the 
Eastern Shore of Maryland. During the period 1941-1951 collections of bean rust were annually 
identified and the reaction of ten new races on the differential varieties is herein reported. 

The reactions of the 20 original races to the differential varieties as published by Harter and 
Zaumeyer (3) are shown in Table 1, reproduced verbatim from their article. This table is pre- 
sented for comparison with Table 2 which, in like manner, is a compilation of the reactions of 
the new races tothe differential varieties. It will be noted in Table 2 that for the identification of 
races 27, 28, 29 and 30, variety No. 181 was omitted and Golden Gate Wax (G. G.) and Z 4, a 











sister line of Topcrop and Rival, were added. Otherwise Harter and Zaumeyer's method of iden- 
tifying the races was used. 
Most of the material from which the new races of rust were isolated was collected in the 


Mountain States and sent to the writer for identification. Other material was collected locally by 
the writer or sent in by State pathologists. Some of the samples contained only previously re- 
ported races and some only new races or a mixture of both. Rarely did a given sample yield a 
single race, Frequently, one race dominated to the extent that it appeared to be the only race in 
the initial inoculation, but a second, and occasionally a third race, would be isolated from the 
same material in subsequent inoculations, 

In Table 3 are listed the States for the material from which the new rust races were isolated. 
The data are not sufficient to formulate definite conclusions, but they do indicate that it would be 
difficult to predict which races are likely to recur ina given locality. Race 4 appears seven 
times in the table and races 16, 18, and 20 each appear but once. These four are the only races 
of the previously reported 20 that have been found in the past ten years. Of the new races re- 
ported here, 25 appears in the table six times, 21 and 27 three times each, 26, 28 and 30 twice 
each, and the remaining four races each appear but once. Race 28, collected from Maryland, 
was compared with the race described by Weaver and Marcus (4), and the two are identical. 
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Table 3. Distribution of the ten different new physiologic races of bean rust collected in sever- 


al States, 1941-51. 





Distribution by years 





State $ 1941 1942 1945 1949 1950 1951 
Colorado 21 21, 23, 24 4 25 25, 26, 30 4, 25, 26, 27, 30 
Maryland | — ----- : i <sne- 20, 28 28 a eee 
Montana — rere eee nee 25 4,25  ——— -«--- 
Nebraska  — ree eee weer 27 4, 16, 27 
Oregon 18, 22 = -eeee ween nner 
Wyoining 4 A I re net et 4 
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OBSERVATIONS ON SPREAD IN THE SOIL OF CEPHALOSPORIUM GREGATUM 1 
ALLINGTON AND CHAMBERLAIN, THE CAUSE OF BROWN STEM ROT OF SOYBEANS 








A. A. Hildebrand? 


According to a recent review by Johnson (3), brown stem rot caused by Cephalosporium 
gregatum Allington & Chamberlain (2), although first discovered in Illinois as recently as 1944 
(1), is already recognized as one of the most important diseases of the soybean throughout 
that and several neighbouring States. In southwestern Ontario, where the growing of soybeans 
is more concentrated than elsewhere in Canada, the disease, first reported by the writer in 
1948 (4), now ranks next in importance to stem canker (Diaporthe phaseolorum (Cke. & Ell.) 
Sacc. var. batatatis (Harter & Field) Wehm.), as a potential threat to the successful production 
of the crop. In recent experiments carried out in the outdoor experimental plots at the Harrow 
laboratory, certain observations were made that indicate, not only the ease with which healthy 
soil may be contaminated by the brown stem rot organism, but also the rapidity with which the 
latter may spread or be spread from a locus of initial contamination. , 

In 1950, owing to the re-location of the Harrow laboratory, it became necessary to plan a 
complétely new set of outdoor plots at the new location for the continuance of soybean pathologi- 
cal studies. For a number of years at the former location a successful soybean disease nursery 
had been maintained, and it was desirable to establish a new one as quickly as possible in the 
new place, With this in view, about a cubic yard of surface soil was obtained from an area in 
the old disease garden where, in 1949, brown stem rot in particular had been severe. On the 
new site, this soil was scattered over a 900-square-foot area (45 x 20 feet) forming one corner 
of a 200- x 230-foot plot that had been allocated for the soybean work, The soil of this plot, a 
Fox sandy loam, had, so far as can be ascertained, never before been planted to soybeans. On 
May 22, 1950, following conventional working of the soil and preparation of the seed bed, three 
rows of each of six varieties of soybeans, namely, Capital, Harly, Harman, A. K. Harrow, 
Lincoln, and Adams, all known to be susceptible to brown stem rot, were planted in 20-foot 
rows spaced 30 inches apart, in the corner area where the presumably infested soil had been 
scattered, Continuing in line with this 18-row planting another 62 rows were added, the latter 
including replicates of 12 different varieties. Thus, when completed, range A, comprising 80 
20-foot rows, was 200 feet long. Paralleling A but with a five-foot path intervening, range B 
was added, the planting scheme of which exactly duplicated that of A. The plots were cultivated 
as required, this operation being carried out along but not across the rows. The plots were kept 
under close observation all summer and various diseases were noted. It was not until early in 
September, however, that plants began to show visible symptoms of brown stem rot, the first 
plants so affected being noted in the part of range A where the contaminated soil had been scat- 
tered. On September 7, the stems of all plants in a corresponding row of each of the six dif- 
ferent varieties in ranges A and B were cut open and examined for the presence of the disease. 
On September 15 and 22, respectively, the stems of plants in the remaining two corresponding 
rows of each variety in the two ranges were similarly examined. The results of the examinations 
are summarized in Table 1. 








Table 1. Summarization of incidence of brown stem rot in plots 
that had and that had not received application of natural- 
ly-infested soil, 1950 

$ Percent of brown stem rot 
Variety : Range A : Range B 











Infested soil added 
Capital 68.9 2.4 
Harly 80.6 10.4 
Harman 86.1 12.5 
A. K. Harrow 98.7 3.4 
Lincoln 94.5 4.3 
Adams 92.7 a | 








. Contribution No, 1146 from the Division of Botany and Plant Pathology, Science Service, Department 


gf Agriculture, Ottawa, Canada. 
Senior Plant Pathologist. 
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The results as presented in Table 1 show clearly that naturally infested soil is a most ef- 
fective medium by which brown stem rot may be transferred from one location to another and 
that, in 1950, the spread of the disease in the soil had been of very limited extent. When the 
plants were being examined in September of 1950, it was noted that diseased plants in range B 
occurred in the end of the rows closest to range A. Thus, evidence was lacking that the dis- 
ease had spread laterally much more than seven or eight feet. It was thought at the time that if 
the path between ranges A and B had been ten feet wide instead of five, the disease might not 
have reached B despite the aid of cultural practices, 

In the spring of 1951, in preparing the seed-bed, the soil was thoroughly worked both ways. 
Using seed of the various varieties derived from the previous year's crop, ranges A and B were 


planted exactly as in 1950. Alongside B but with a five-foot path intervening, range C was added, 
the latter being a replica of A and B, Thus, the 1951 planting, consisting of three ranges each 
20 feet wide, with intervening five-foot paths between A and B and B and C, was 70 feet wide and, 
being 200 feet long, comprised an area of 14, 000 square feet or almost exactly one-third of an 
acre. The usual cultural practices were carried out and the plants were kept under close obser- 
vation, 

On August 17 it was realized that certain rows of the variety Earlyana in ranges A and B 
were becoming conspicuous because of a yellowing of their foliage. Corresponding rows of 
Earlyana in range C were still green as were all the other varieties involved in the experiment. 
Stems of the apparently earlier-maturing Earlyana plants in row 30, range A, were cut open and 
they very clearly indicated the presence of brown stem rot. Row 30, 75 feet in from the edge of 
the range, represented a point 30 feet beyond the limit of the area where the infested soil had 
been scattered in the spring of 1950. This was the first evidence that the disease had spread in 
the direction at right angles to that in which the rows were running. A systematic examination 
of plants was now begun and, even at this early date, evidence pointed to the fact that the disease 
might be becoming widespread throughout the plots. As the season advanced this became more 
clearly and definitely the case. By mid-September the disease could readily be found on any 
variety anywhere in the plots. Thus, within a period of only two years, an area approximately 
one-third of an acre in extent and on which soybeans had never been grown previously had become 
thoroughly infested with a pathogen that apparently had spread in all directions from the original 
900-square-foot (= .02 ac.) area into which it had been introduced. 

Why the disease spread so much more rapidly or-the build-up was so much greater in 1951 
than in 1950 is not too readily explainable. Cultural practices in both seasons were essentially 
the same. Even if C. gregatum were indigenous, as it is considered to be, it would seem hardly 
likely that only two successive crops of soybeans would be sufficient to induce such a uniformly 
heavy build-up of the pathogen, especially in a soil that was virgin for the crop. The disease is 
known to respond strikingly to air temperature, a temperature below 21° C. being essential for 
its more rapid spread and development. The air temperatures of July, August, and September, 
1950 and 1951, were critically compared and such differences as were found were so slight as 
to bear no causal relationship to differences in brown stem rot incidence in the two seasons. 

The observations recorded above are not without implications of value from the standpoint of 
practical control of brown stem rot. They warn specifically against the danger of spreading the 
disease from one location to another by transfer of infested soil and emphasize the rapidity with 
which the pathogen, once having been transferred to even a very small area in a new location, 
may spread to and build up in surrounding healthy soil, The necessity of crop rotation also is 
implicit from these observations. 
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OBSERVATIONS OF GLADIOLUS ABNORMALITIES 
IN OREGON IN 1951 








E. T. Palm and Roy A. Young 


In the course of disease investigations in Oregon during the summer of 1951 observations 
were made on the following gladiolus abnormalities. 


1. Plants with green flowers and dying leaves were observed in two localities. At Corval- 
lis 5 out of approximately 12,000 Picardy plants in an experimental planting, and at Grants 
Pass approximately 2 percent of the plants in a commercial planting of Pandora, showed this 
condition. In six rows of Pandora, 240 feet long, 132 diseased plants were counted. In all cases 
the flowers remained small and failed to develop normal coloration (Figure 1). Exposed petals 
were light green in color instead of salmon or pink and the petals did not reach full size and 
shape. In almost all cases leaves of affected plants were dying back from the tip, and at the time 
of flowering the upper 4 to 6 inches of leaf was brown and dead. Between the dead tip and the nor- 
mal green lower portion of the leaf blade was a narrow transition zone of light yellow green. The 
tips of all of the leaves of affected plants were dead and there was little difference in the amount 
of dead leaf area on old and young leaves. Corms and roots of the affected plants were normal 
in appearance. The symptoms observed on these plants are similar to those reported by Smith 
for aster yellows on gladiolus in the East and differ only in the respect that the leaves turn uni- 
formly straw yellow in the East. This condition has not been reported previously from the Pacific 
coast area. 


2. What is believed to be an unreported abnormality occurred on gladiolus plants in experi- 
mental plantings at Corvallis. Gladiolus flowers were observed with spur or cone-like protuber- 
ances on their petals (Figure 2). The protuberances were hollow and of the same color as the 
petals. Such malformed flowers were found on 24 Picardy plants in approximately 6000 and on 
several plants of a yellow variety that appeared as a mixture in one block of Picardy. No insects 
were found associated with the protuberances and no foliar abnormalities were observed on plants 
bearing affected flowers. 

3. Gladiolus plants have been reported to serve as a source of inoculum of the yellow bean 
mosaic virus (bean virus 2)“ and of the cucumber mosaic virus (Cucumis virus 1)“. To demon- 
strate the serious consequences of planting pole beans and cucumbers adjacent to a gladiolus 
planting, short rows of each were planted at the end of a block of gladiolus plants (Figure 3). 

The leaves of the bean plants were mottled when the plants were 3 to 4 inches high, and when the 
plants normally would have been up to the wire approximately 6 feet above the ground, most of 
them were not even up to the string approximately a foot above the ground. By late in the season 
most of the few pods that had set were mottled, and the plants were severely stunted (Figure 4). 
One cucumber plant developed mosaic symptoms early in the season and soon after the rest of the 
plants had developed similar symptoms. Cucumber mosaic virus was transmitted from the mot- 
tled cucumber plants by Clark Porter. 


DEPARTMENT OF BOTANY AND PLANT PATHOLOGY, OREGON AGRICULTURAL EXPERIMENT 
STATION, CORVALLIS, OREGON 
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FIGURE 1. Green flowers from Picardy 
RIMENT planting showing symptoms typical of aster 
yellows. Flowers small, and without normal 
coloration. 
FIGURE 2. Picardy flowers with cone- 
like protuberances. Cause unknown. 
FIGURE 3. Pole beans next to gladiolus 
plants showing stunting of bean plants. 
FIGURE 4. Bean plant from planting 4 
in Fig. 3, showing dwarfing and mottling. 
Healthy leaf at lower left. 
31-583. Photographs by H. H. Millsap. 
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NORTHERNMOST RECORDS OF FLOWERING DOGWOOD 
SPOT ANTHRACNOSE IN MARYLAND 








R. A. Jehle and Anna E. Jenkins 


The northernmost records of spot anthracnose of flowering dogwood (Cornus florida) in 
Maryland are about on a line with the 39th parallel of latitude, as follows: Eastern Shore 
(east of Chesapeake Bay): Centerville, Queens Apnes County”; Western Shore (west of Chesa- 
peake Bay): Davidsonvijie, Anne Arundel County’, Upper Marlboro, Prince Georges County}, 
Wheaton* and Rockville“, Montgomery County. Spot anthracnose is caused by Elsinoé corni. 

In the summer of 1951 the known northerly distribution of the disease was extended by its 
discovery, in two localities northeast of Centerville in Queen Annes County. On May 21, character 
istic spotting was detected on young expanded leaves of a single branch of a tree near Crumpton 
(Fig. 1). Numerous other flowering dogwood trees growing nearby were apparently anthracnose- 
free. On August 1, the new season's growth of a small group of flowering dogwood trees near 
Church Hill was found to be abundantly diseased. Crumpton is about 20 miles northeast of Center- 
ville, and Church Hill is about midway be- 
tween the two places. In September 1951, the 
flowering dogwood trees growing along the 
highway from Hancock, Washington County, to 
Frederick (Route 40) and from Frederick to 
Rockville (Route 240) were examined, and no 
trace of the disease was found. All of the 
flowering dogwood trees referred to here 
were growing wild. (Fig. 2) 
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FIGURE 1. Spot anthracnose on young UNIVERSITY OF MARYLAND, AND DIVISION 
expanded leaves of flowering dogwood, vi- OF FOREST PATHOLOGY, BUREAU OF 
cinity of Crumpton, Maryland, May 21, 1951. PLANT INDUSTRY, SOILS AND AGRICULTUR- 
Photographed by R. L. Taylor AL ENGINEERING, BELTSVILLE, MARY- 
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FIGURE 2. Map of Maryland 
showing the territory and towns re- 
ferred to in this note. 





IJehle, R.A.and Anna E. Jenkins. Roadside survey for spot anthracnose of flowering dogwood in 
Paryland, Virginia, Delaware, and West Virginia. PlantDis.Reptr. 33:198-201. 1949. 

and - Supplementary survey for spot anthracnose of flowering dog- 
wood in Maryland and Virginia. Plant Dis. Reptr. 34:225-226. 1950. 
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BLIGHT ON CHESTNUT AND OAKS IN EUROPE IN 1951 





G. Flippo Gravatt 


In 1950 I visited briefly ten countries in Europe for the Organisation for European Economic 
Co-Operation, and in the fall of 1951 six countries for the Economic Cooperation Administration, 
largely to give advice on the present and potential chestnut blight problems there. 


Distribution of the Blight on Chestnut 











Blight caused by Endothia parasitica 
DePUnONE Gm. ExDdTen Sennen was reported first in Italy in the vicinity 
of Genoa in 1938, but it undoubtedly had 
been present for many years previously. 
In the next few years infection centers were 
reported north of Venice and at Avellino, 
about 35 miles east of Naples. The dis- 
ease increased steadily. Its reported dis- 
tribution in 1951 is shown in Figure 1, 
prepared by Prof. Antonio Biraghi, of the 
Forest School of the University of Florence. 
Biraghi (1) has had charge of the national 
survey and research work, but others have 
made contributions. Undoubtedly there are 
undetected infections in localities now con- 
sidered free of the disease, for the re- 
ported distribution is based on only limited 
survey work, supplemented by incidental 
observations by the Italian Forest Service. 
In Tessin Province, Switzerland, local 
and governmental authorities have found 
chestnut blight rather widely distributed. 
Although they had not made detailed syste- 
matic surveys, they stated that many local- 
ities probably were still free from the dis- 
ease. Dr. G. Bassigher, of the Patho- 
logical Institute at Zurich, is working on 
pathological aspects of the blight, Dr. F. 
Fischer is studying silvicultural problems 
of chestnut for the Federal Station of For- 
est Research at Zurich, and Arrigoni 
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a | Arnoldo, Canton Forest Inspector of Bel- 
‘ linzona, is handling the work for the Canton 
FIGURE 1. Distribution of chestnut blight of Tessin. 
in Italy. Map furnished by Professor Biraghi. In 1950 Dr. Mahailo Krstic (5), forest 
Light shading = distribution of chestnut; dark pathologist at the Forest Experiment Sta- 
shading = occurrence of blight infection. tion at Belgrade, reported that a few in- 


fections had been found in Yugoslavia, near 

the Italian border. Ata conference at Bel- 
grade in November 1951, Dr. Krstic advised me that these infections had been cut out and that 
regional and national agencies expect to conduct extensive inspection work for the disease in 1952. 
The fact that the various chestnut areas in Yugoslavia are separated from each other by areas 
where there is no chestnut should help in delaying the spread of the disease. 

In the fall of 1950 I examined the blight infections on Japanese chestnuts (Castanea crenata) 
near Bilbao, Spain. These Japanese chestnuts were more severely affected by the blight than the 
average trees of this species in the United States, but strains of the Japanese chestnut vary con- 
siderably in susceptibility. The Bilbao infection is believed by the Spanish authorities to have 
been imported directly on seed from Japan. In November 1951 Spanish authorities at Madrid in- 
formed me that the infected trees had all been destroyed. Very careful systematic inspection 
work over a wide area for a number of years, however, will be necessary to be sure of eradica- 








Formerly Consultant on Forest Diseases, Economic Cooperation Administration, Washington, D.C. 
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Surveys for the Blight 





Experience in the United States with chestnut blight, white pine blister rust, Dutch elm dis- 
ease, and other diseases has shown that unless an agressive inspection program is undertaken 
by people specifically trained for and detailed to inspection work, a disease rarely is located 
in its early stages. It becomes widespread before the local authorities realize it is there. 
Chestnut blight may be found at any time in chestnut areas now thought to be free from the dis- 
ease, not only in Italy but in other countries as well. The extent and intensity of the search for 
it in the various countries should be in proportion to nearness to infected areas and to the chest- 
nut and oak values at stake. Only a few infections can be expected as much as 50 to 100 miles 
ahead of the main zone of infection. Search in the vicinity of large importing cities or centers 
of consumption of imported goods is advisable, since here infections may start from infected 
boxes or other shipped material. All exotic chestnuts should be systematically inspected, as 
shipments from an infected nursery, such as the one in Spain, may spread the disease over long 
distances. The range of the European chestnut, Castanea sativa, is shown in Figure 2. 





Cutting Out Infections 





Chestnut blight in European chestnut trees in orchards in the Pacific Coast States of the 
United States has been kept under control since 1934 by prompt eradication of all infected trees 
found. By cutting out spot infections of chestnut blight in certain forest areas in the eastern 
United States, spread of the disease was retarded. To hold the disease in check requires very 
careful cutting out and detailed follow-up inspections. Even crude cutting out of spot infections 
decreases the spore production enough to delay spread of the disease to some extent. One of the 
difficulties in trying to stop the spread of the blight in chestnut forests of the eastern United 
States was the lack of natural chestnut-free barriers. We were dealing with vast areas of nearly 
continuous chestnut growth. In Europe, many chestnut stands are separated from each other by 
extensive areas free of chestnut. The spread of the blight over Europe can and should be very 
greatly retarded by systematic inspection and cutting out. 


Search for and Importation of Resistant Chestnuts 





Large orchard and forest trees of Castanea sativa in Europe are killed fairly quickly by 
blight, at about the same rate as orchard trees of this species were being killed when the disease 
was found in California in 1934 (4). The coppice growth of the European chestnut noted at dif- 
ferent places in Italy seemed less affected by blight than comparable coppice growth of the 
American chestnut (C. dentata) in the eastern United States. However, on most sites a large 
proportion of the European coppice growth may be killed before it is large enough to be harvested 
profitably. 

Prof. Biraghi has assembled large numbers of strains and varieties of the European chest- 
nut, not only from Italy but also from other countries, and is inoculating them to determine their 
resistance. 

In 1948 we sent pollen of some of our best Chinese chestnut, Castanea mollissima, selections 
and hybrids by air mail to Prof. Aldo Pavari, of the forest school at Florence, Italy. This pollen 
was used on pistillate European chestnut flowers, and successful crosses were effected. World- 
wide air mail service has facilitated plant breeding work by making it possible to transport vi- 
able pollen from distant sources. This is especially fortunate for the tree breeders, since de- 
sirable selections of breeding stock usually must grow many years before producing pollen. 

Small quantities of plants, scions, and nuts of our resistant chestnuts were sent to Italy from 
Beltsville, Maryland, and Dr. Arthur H. Graves sent similar material from Connecticut prior 
to 1950, 

At the request of Prof. Pavari, the Economic Cooperation Administration supplied funds for 
the purchase and shipment to Italy of seed, scions, and small trees of the Chinese chestnut and 
its hybrids in 1950, 1951, and 1952. F. H. Berry, of the Division of Forest Pathology at Belts - 
ville, Maryland, has handled the procurement and shipment of this material. As a result, Italian 
authorities now have some 175, 000 plants of the blight-resistant Asiatic chestnuts, mostly Chinese 
and their hybrids growing in their nurseries. About 5,000 pounds of Chinese chestnut seed were 
sent to Italy this winter. A number of plantings of Asiatic chestnuts have been made in the field 
by the Italian Forest Service, with the advice of Professors Pavari and Biraghi, and preliminary 
results are encouraging. 

Although the Chinese chestnut is proving successful as a cultivated commercial orchard tree 
in the eastern United States, as an ornamental, and in forest and wildlife plantings on good sites, 
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it has not succeeded on poor, eroded sites. From casual observation, many of the sites in Italy 
on which European chestnut is growing appear to be unsatisfactory for good growth of the Chinese 
chestnut. Summer droughts may be a serious factor, especially in the early years of establish- 
ment before the trees develop deep roots. 

Rapidly increasing numbers of European orchard chestnut will be dying each year in Italy 
and Switzerland, and the psychological and practical time to replant these chestnut areas is when 
the European chestnuts die. After other growth takes over, or the land goes into pasture, it 
may be more difficult to persuade farmers to plant resistant chestnuts than if they do it when the 
trees become infected and die. Later these resistant chestnuts can be top-worked with selections 
best for nut production. A large proportion of the Chinese chestnut seedlings, however, produce 
large nuts of good quality. 


Blight on Oaks 





In the United States only the post oak, Quercus stellata, has been damaged by chestnut blight, 
even though many species of oaks have been exposed. In Europe, three oak species, Quercus ilex, 
Q. petraea, and Q. pubescens, have become infected. The range of these three species is shown 
in Figures 2 and 3. A fourth species, Q. pedunculata, has been exposed to the disease but appears 
to be resistant. In the United States, chestnut blight has been found, so far, on post oak only in 
localities where blight has been present on chestnut for some years. The same sequence seems 
to hold in Italy, the disease appearing first on chestnuts and later on oaks. On the European oaks, 
the fungus has typical mycelial fans when growing in live bark, just as on our post oak. It is 
possible, however, that the strain of the causal fungus in Italy may be different from the one in 
the United States. Biraghi (2) and Giumann (3) have discussed this possibility. 

Prof, Biraghi (2) first reported the oak infections in Italy. Together we inspected diseased 
oaks in the fall of 1950 and again in 1951. 

In a stand of pubescent oak, Quercus pubescens, adjoining an old chestnut infection near Avel- 
lino, southern Italy, many oak trees were dying in 1950. In 1951 many additional oaks in this 
stand were dying and all the leaves on many trees were brown. The stand was on a rather poor 
site and was made up of trees 20 to 30 feet tall, left after a thinning operation several years ago. 
In north central Italy, numerous trees of this oak were found affected, with fungus extending into 
the cambium region but not yet killing the trees. The abundant fruiting of the fungus on this host 
is in marked contrast with its sparse fruiting on the bark of the post oak in America. 

The 65 planted trees of holly oak, Quercus ilex, near Avellino, inspected in 1950, showed no 
new infections in 1951. Three infections were developing in the cambium zone of the trunk, and 
such development is more serious than when the fungus grows in the outer bark. Over 100 park 
trees of this species were inspected in Genoa in 1951, and three of these showed blight infections 
(checked by Prof. Biraghi by cultures). Only one of these infections appeared to be damaging to 
the tree. In many Mediterranean cities holly oak is extensively used for street trees. The numer- 
ous wounds on the trunks of such trees will undoubtedly favor spread of the blight. 

In 1951 in Italy, I noted no infections on the very limited number of trees of durmast oak, 
Quercus petraea, that I inspected. The disease has been noted on a number of trees in other areas 
in 1950 (not visited in 1951). Dr. Krstic reported that some trees of this oak species were being 
attacked by the blight in Yugoslavia, near the Italian border, where chestnuts were diseased. 

Reliable predictions as to the damage to be expected on these three important oaks cannot be 
made, because more study is needed on the disease on them in Italy; possibly in other countries 
strains of the host and conditions may affect their susceptibility. Delaying spread of the blight on 
the chestnut would also postpone the potential damage to these three oaks. 

As shown by Figures 2 and 3, these three oaks are widely distributed in Europe, Asia Minor, 
and northern Africa. In most countries they are much more important than chestnut. The fuel, 
lumber, and mast or acorns for animals that they furnish are very vital to the inhabitants of many 
million hectares where the oaks are important. In Spain, for instance, there are 3-1/2 million 
hectares of holly oak. 

On the basis of present information, it would seem advisable to discriminate against pubescent 
oak in forest management work, Durmast oak might be used in mixed plantings, but not in pure 
plantings intended for long rotations of 100 to 200 years. Holly oak might be used in limited plant- 
ings despite the possible menace of the blight. 

















Importance of Chestnut 





Europe and the Mediterranean area have a rapidly growing population and very little unutilized 
land. Rough mountain slopes make up a large proportion of the land in southern Europe. On these 
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slopes chestnuts yield abundant crops of nuts that serve as food for human beings and for live- 
stock and produce many wood products. Europe needs more land in chestnuts, but instead faces 
the probable loss of all present chestnut growth. 

For example, in Italy, the most important chestnut-growing country, there are 450, 000 hec- 
tares in grafted orchard chestnuts and about 400, 000 hectares in chestnut coppice. The loss of 
these chestnuts from the blight will be a serious blow to the general economy of the affected areas. 
Foresters state that the replacement of chestnut by other growth will, in general, reduce the pro- 
duction from the mountain land and also the available employment for the already dense popula- 
tion. Thus there is need for delaying spread of the blight as long as practicable and for growing 
blight-resistant chestnuts for planting immediately when the present growth dies. 

Various phases of national productivity in the Mediterranean region, especially in Italy, 
would be aided by increased storage of water for flood control, irrigation, and production of 
electricity. Storage of water in the soil and in dams depends partially upon a soil cover, such as 
chestnut, that absorbs water, especially peak precipitation; thus floods, erosion, and filling up of 
dams are decreased, and flow of water from the mountain slopes is more regular and lasting. 
With the death of the chestnut and the undetermined and unpredictable damage to oaks, those 
parts of the affected area not replanted to resistant chestnuts or other kinds of trees will probably 
become overgrazed eroded mountain pastures. Already the mistreatment of these steep mountain 
pastures is causing much loss in the Mediterranean region, the areas gradually eroding down to 
rock, after which production is forever lost and rapid runoff of rain increases. A large part of 
Italy experienced disastrous floods in 1951, aggravated by the lack of a real forest cover. The 
addition of large parts of the chestnut area to the already too extensive overgrazed mountain 
pastures would make even worse the present deplorable condition. 
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UNUSUAL RECORDS OF PLANT DISEASE OCCURRENCE 





BACTERIAL WILT OF. By H. J. Hodgson and 
ALFALFA IN ALASKA~ Donald M. Coe 








Bacterial wilt (Corynebacterium insidiosum (McCull.) Jensen) of alfalfa was found in the 
Matanuska Valley during the summer of 1952 in plants of Medicago falcata L. (yellow-flowered 
alfalfa). The affected plants were in an old stand on a droughty southern slope of approximately 
a 40 degree gradient. This stand is of volunteer plants of various ages that originated from an 
adjacent field planted about 1920. Symptoms were observed in scattered plants amounting to less 
than one percent of the total stand. 

Symptoms were typical for the disease with wilting and dwarfing of stems. Pockets of brown 
tissue in the xylem were used in making isolations. The organism obtained agreed with C. insidi- 
osum in cultural characteristics and was gram positive. Diagnosis has been confirmed by the 
Division of Forage Crops and Diseases, U. S. Bureau of Plant Industry, Soils and Agricultural 
Engineering. 

According to the best information at hand this is the most northerly occurrence (Lat. 61° 34! 
N) of this disease yet reported. Medicago falcata has previously been reported as a host. 

ALASKA AGRICULTURAL EXPERIMENT STATION, PALMER 
TApproved for publication by the Director, Alaska Agricultural Experiment Station, Palmer, 
Alaska 
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OBSERVED PRECIPITATION 
The terms used in the accompanying maps, which define the ranges of temperature and 


precipitation, are numerical class limits. 








: A, 


above, below, and near normal are so defined that they each normally occur one-fourth of the 


time; much above and much below normal, one-eighth of the time. 
in terms of light, moderate, and heavy, each class normally occurring one-third of the time 


and thereby having equal probability of occurrence. 
where monthly mean temperatures and actual precipitation records are needed for a given time 


records through which is determined the normal frequency of occurrence of temperatures and 
and place, other publications of the Weather Bureau should be consulted. 


precipitation at various times of the year for different locations. 
the general trends and give the country's weather picture at a glance. 








